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FOREWORD 



As the construction industry becoraes more complex, the need for a higher 
level of competency for construction supervisors and inspectors is ap- 
parent. More education is demanded of people entering the field. Up- 
grading and retraining are required. The success of courses and programs 
in construction supervision and inspection is largely dependent on the 
availability of highly qualified instructors and appropriate instructional 
materials. 

This Air Conditioning, Heating, and Ventilating coxirse of study is the 
fourth to be developed in the Construction Supervision and Inspection 
series. The series will ultimately have six publications which will 
cover all aspects of construction inspection. The series should provide 
the basis of a significant Community College program. 
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PREFACE 



This coxirse of study was prepared for the purpose of emhodying in a 
single publication the fundamentals basic to the practice of air con- 
ditioning » heating » and ventilating inspection. It is essentially a 
summary of fundamental inspection procedures and techniques normally 
covered and obtained by researching several publications. Useful infor- 
mation was assembled to provide the basis for a course in inspection 
and to provide the inspector a reference to assist him in performing 
his duties. Hopefully, the material brings some degree of uniformity 
to a complex subject. 

This publication is in draft form and will be refined after it has been 
used and evaluated by instructors, students and practitioners. Instruc- 
tors may find that all this material cannot be covered in one semester. 
We velcome your comments and suggestions. 

I vish to express appreciation to the author, Mr. John D. Messer, to 
the ad hoc committee that guided him, and to the staff at Cerritos College 
for their involvement. 
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Definitions 



Boiler horsepower : 

The equivalent evaporation of 34 #5 lbs of water from and at 212^ 
equal to 33,475 btu ler hour. 

Brake horsepower : 

The actual horsepower required to drive a piece of machinery; 

or the actual horsepower delivered at the shaft of a pri»e mover. 

Air, standard conditions: 

Air with a density of C.075 lb per cu ft. Equivalent to dry air 
at 70^ P and 29*92" Hg, and 50% relative hiunldity. 

Dew Point Temperature : 

The temperature at which water vapor begins to condense when a 
constant mixture of air and water vapor is cooled. 

Atmospheric pressure ; 

The pressure due to the weight of the atmosphere. A standsrd 
atmosphere Is 14.696 psl or ?9.92 in. of mercury at 32^ P. 

Dehumldlflcatlon : * 
The reduction of moistxjre in a given volume of air. 

Heat^ latent :- 

The change of energy involved in a change of state; as steam 
condensing to wnter, or ^79.tor freezing to ice. 

Heat^ sensible ; 

The change of oner^ involvod in changing the temperature of a 
substance, as heating or cooling air or v/ater, etc. 

ERIC 

xiii 



Payohrometey t 

Basioallyt a device that consists of a dry bulb thermometer and 
a wet bulb thermometer for finding the humidity characteristics 
of air by means of a psychrometrlc chart • 

Steam tables : 

A tabulation of the physical and thermodynamic properties of 
water and steam at various pressxires and temperatures* 

Velocity pressxire : 

The impact pressure of a moving fluid upon a flat starface at 
90^ to the direction of flow, inches w.c. 

Static pressure : 

The pressure of a contained fluid upon the sides of the container, 
inches w«c« 

Total pressure : 

The sum of the Impact and velocity pressure, inches w«c« 
Air horsepower : 

The horsepower needed to drive a fan« 

HP r cfm X •0157 X total pressure, (inches \i.c .) 

% fan efficiency 

Pump horsepower : 

(gpm) X (8«33} X (head in feet) 

(33000) X % pump eff. x 100) 
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Cold Spring ; 

An initial separation or spreading of the legs of an expansion 
U bend from the cold position such that the heated pipe will 
return the legs to the cold position and beyond^ Cold spring 
generally equals 1/2 the thermal expansion* 

Ordinate : 

Vertical, parallel to the Y axis* 
Abscissa ; 

The horizontal ordinate, X axis* 
Plenum ; 

An enclosed space in which the pressure is greater or less than 
atmospheric pressure* 
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AbbrevlatloRs 

psla....lb per sq in. absolute + gage pressure- (l4.7 - at sea 
level ) 

psig..«.lb per sq In. gage 



btu British thermal unit - the heat required to raise the 

temperature of one poiind of water at 62^ P. one degree 
Fahrenheit. 

cfm. •cubic feet per min 

cfh. • • • • cubic feet per hour 

EDR...* .equivalent direct radiation, 1 sq ft EDR = 240 Btu per 
hour 

p degrees Fahrenheit 

fpm feet per minute 

fps feet per second 

in. Hg..ini3nes of mercury 

in. wc. .inches water colvimn 

mbh. ....1000 British thermal units per hour 

od outride diameter 

id Inside diameter 

ips..«««lron pipe size 

HPT National pipe thread 

rpm»#.. .revolutions per minute 

bhp brake horsepower 

Q Quantity, cu ft per minute 

v......*velocity, fpm 

a. . . • . . .area, sq ft or sq inch 



gpm. .. c. gallons per minute 



ANY pre55up:e above atmospheric 
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-*^6A6ri + AT MOSP'H P !C 
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VACUUM 

AMY PREGSURE 

— — — r- — — 



PRESSURE RELATIOM SHIPS 



I, THS ROLE OP THIS M3CHA1JICAL INSPECTOR 



Responsibility 

Like all other inspectors on construction projects, the mechan- 
ical inspector is a representative of the Architect and Engineer. 
The degree of his authority to make field decisions, approve 
change orders, etc, is controlled by the Architect and Engineer, 
The responsibility of seeing that the requirements of the con- 
tract plans and specifications are followed is the inspector's. 
He also has a responsibility to the contractor in maintaining a 
co-operative attitude by acting promptly in getting answers and 
solutions to everyday problems that arise, beirig on time to v/it- 
ness tests, and expedite approvals or similar paper v/ork that 
will cause a delay. 

At the start of the job the inspector should meet v/ith the 
mechanical contractor's representative, (particularly the super- 
intendant and foreman who -/ill be in charge of the work) to re- 
view the drawings and specifications. This is the time to ex- 
plain v/hat will be required and to clear up any questions or^ 
discrepancies. Any matters that cannot be resolved at the field 
level should be referred to the Architect-Engineer by the inspec- 
tor. 

The mechanical work is usually subcontracted by the General Con- 
tractor so all directives intended for the mechanical subcon- 
tractor must be channeled through the General. IVhere the mechan- 
ical work is a prime contract, take care to keep other contractors 
advised of any developments that will affect their work. 



Guid anc e Do cume nt s 

1* Plans and Specifications. 

Complete familiarity with all the construction drawings is 
axiomatic-. 

2. Approved Submittals, 

Material and equipment data sheets should be caref Lilly 
studied and filed for ready reference. Nameplate data on 
equipment, dimensions, etc, should be checked on arrival at 
the job. Check shop drawings of equipment for space require- 
ments, connection locations, etc. Obtain an approval for 
each piece of equipment to be installed. 

3. The manufacturer's installation instructions. 

These should be obtained before the start- of the job and 
referred to v/hile the work is in progress. 
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A. Industry standards adopted by the Specification (such as 
SMCCNA). 

5, Regulatory and Governmental Codes. 

a. Uniform Mechanical Code (Volume II of the Uniform 
Building Code). Published by the International 
Association of Plumbing and Mechanical Officials, 
5032 Alhambra Avenue, Los Argeles, Calif. 90032. 

b. • State of California Administrative Code, Title 24, Part 4, 

Office of Procurement, Document Section, 

P.O. Box 20191, 

Sacramento, California 95320 

c. Code for Pressure Piping (Power) ANSI B31#l«0 
American Society of Mechanical Eiigineers, 

345 East 47th Street, 

Kew York, New York 10017 

d. Boiler and Fired pressure Vessel Safety Orders, 
State of Calif ornia. Division of Industrial Safety, 
P.O. Box 20191, 

Sacramento, California 95920 

e. Code for Unfired Pressure Vessels 
American Society of Mechanical Engineers 
(same address as (c)). 

f. National Fire Protection Association 
60 Batterymarch Street, 

Boston, Massachusetts 02110 

(see appendix for list of publications) 
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2. pipiiia 



Types of piping 



The various kinds of piping materials are specified by the 
American Society of Testing Materials (ASTi.I), The following 
grades of carbon-steel are most commonly used in air condition, 
ing and heating work: 



ASTM 



A53 



pipe sizes service 



1/0" - 24" 



Ordinary 
( steam, 

water , 

gas, etc. ) 



type weld 



Seamless , 
furnace butt 
welded, electric 
resistance 
welded. 



tests 

required, psi 
2,500 to ;5" 
2,300 over 3" 



A120 



1/8" - 24" 



4" and under, 
seamless , butt 
or electric 
weld. 

Over 4", seam- 
less or electric 
weld. 



s - 



0,60 

yield 
strength 



31ectric fusion 
(are) welded 



s r 0,60 y,s. 
2,300 max* 



A134 16" O.D. and Ordinary 

over, walls Service 
to 3/4" thk. 

The following is an excerpt from Table A-1 (in the Appendix) which 
lists the dimensions and properties of steel pipe. 



COMWERCIAL WROUGHT STEEL PIPE DATA 



N<«te: 1: The Ictlcr? *V\ "x'\ and *'x>" in \\\v column of Sclicd- 
ulo i\unibf-rs indicate Standard. Extra iflronj: and Double Extra 
Stron*: Pipe. re$iM:crivc)y. 



Note 2: The values j-huKn in square feel for Transverse In- 
tfrnal Area also represent the A'olume in euhie feet per foot of 
pipe length. 















Tr: 


inwi'rsit \ — 


Mr-n»'t»1 






l'Ix(fTUttl 


S< «ion 








Wall 


UvA'ic 


Art-a 


J lite 


riii.l \r'i'd 


ui IhJcrior 




lA Watt'r 


Svirfrice 


Modulus 


X.-.jTiin:i} 










of .NK-tnS 




•Sci' Not e 2 


(!) 


of Pipe 


j'OUIltl.s 


.Sq Fed 




l*:po Size 


(D) 


No. 




Ul) 


(h) 






to 


Pouriiis] 


P<T Foot 


p«.r Foot 


(^) 


Inches 


Inches 


S'fc .VotP 1 








J ncliM 


Fet-t 


4fl! Power 


per Foot 


of_Pipc 


of Pipe 




H 


0.405 


40» 




.2CU 


.0720 


.05()4> 


.00040 


.OOlOG 


.244 


.025 


. lUfj 


.00523 






SOt 


.095 


.215 


.0925 


• .03l>4 


.rj0025 


.00122 


.ai4 


.010 


.100 


.00002 


H 


0,340 


40i 






.1250 


.UMl 


.00072 


M?A 


.424 


.045 


.141 ' 


.01227 






80x 


.119 


.302 


.1574 


.0710 


.00050 


.(X)377 


.535 


.031 


.141 


.01395 





0.675 


40? 


,<m 


.493 


.1670 


. ]»10 


.(K)I33 


.0072(1 


.507 


.083 


.178 


.02160 






SOx 


.126 


.423 


.2173 


. 1405 


.OOOOS 


.OOS02 


.73t> 


.001 


.178 


.02554 






40s' 


.l(t9 


.622 


.2.=>03 


.3f>40 


.00211 


.01709 


.850 


.132 


.220 


.04009 








.147 


.540 


.321)0 


.2340 


.1K)103 


.0200S 


1.087 


.102 


.220 


.0*780 




100 


. is; 


.46fJ 


.3S30 


.1700 


.00118 


.02212 


1.300 


.074 


.220 


•.05267 






. .XX 


.294 


.252 


5043 


.050 


.00035 


.0242 


1.714 


.022 


.220 


.05762 
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Pipe is designated by "schedule" numbers, as schedule 40, 80, or 
160. Schedule 40 is also known as "standard" weight and schedule 
80 as "extra strong". Double extra strong (not too common) gen- 
erally does not have a schedule designation. Note that for a 
given nominal pipe size (also called "iron pipe size" or ips), 
the outside diameter of the pipe is the same for all weight sched- 
ules. That is, the, thicker the pipe wall, the smaller the inside 
diameter. 

The allowable working pressure of a piece of pipe may be found 
from the formula: 

P-Sxtxs xE where t = wall thickness, inches 

— a 

s s allowable fiber stress 

of the metal, lb per sq. in. 

d - outside diameter of the pipe 
inches 

E - Joint efficiency 

Allowable fiber stress of the metal can be found in the Code for 
Pressure Piping or ASME Boiler Code Section VIII. Steel pipe is 
rarely stressed to the allowable in heating and ventilating work. 

Example: Find the stress in a 6" ips schedule 40 A-53 steel pipe 
filled with 125 psig steam. 

P « 125 psig E u 1.00 

d s 6.625 inches 

t - 0.280 inches 



^t = P X d 
2 X t 

3 (125) (6.625) (1) 1,480 lb per sq in., stress 
"TST (.280) 

(The Code allows 5,000 lb per sq in.) 

Copper Tubing 

ASTK specification B-S8 covers the material requirements for 
copper tubing used in heating and ventilating, types K, L, and 
M. 

Table A-2 (arpendix) shows the physical dimensions of types, K, 
L, and Vi copner tubing. 

The allowable ^-rorking stress f or B-S3 copper tubing is 5,000 psi 
(at 300^ and the working pressure can be calculated from: 



P m 2 X s X t (s, t, and d same as shown above) 
d 



Example: Find the allowable working pressure of a piece of type 
K copper tubing vdth a wall thickness of 0,083", and an outside 
diameter of 2.185". 

P r (2) (0,083) (5,000) 
271^ \ 

- 388 psi, working pressure 

However, the working pressure of copper tubing systems using 
solder joints are governed by the strength of the joints, to be 
discussed later in this section. 



Plastic Piping 

Thermoplastic piping is used in chilled water ^sterns and for 
miscellaneous services as drains, vents and cold water connec- 
tions in the heating and ventilating plant. The most conmon type 
is polyvinyl chloride (FVC) which is available in ips sizes, 
schedule 40 and 80. Type I is designated as a "normal impact" 
grade and can be stressed to 2,000 lb per sq in. fiber stress. 
Type II, "high impact grade" has a design fiber stress of 1,000 
to 1600 lb per sq in., depending on the grade. The Type II has 
a greater resistance to impact stresses, such as surges due to 
water hammer, but has a lower design fiber stress. Table 2-1 
gives the dimensions of PVC pipe and Table 2-2 shows the allow- 
able water (73^ P) pressure for threaded PVC. Unthreaded pipe 
is rated at twice the pressures shown in Table 2-2. 

Thermosetting plastic piping is a polyester or epoxy resin base 
material reinforced with glass or asbestos fibers for strength. 
Due to its resistance to many corrosive substances and high 
temperature and pressure rating it is used for st^am condensate 
which attacks ferrous pipe. This pipe utilizes glued slip-on 
flanges and couplings for joint make-up and must be done in 
accordance with the manufacturer's instructions. 

Pipe Jointing and Fittings 

Threaded Joints are cut on a taper as shown in Table 2-5. The 
aimenslon Li , called the thread engagement is important; if too 
short the joint v/ill not develop full strength and may leak; if 
too long the pipe -will protrude too far into the fitting prevent- 
ing it from being tightened and may interfere with the flov/. The 
dimensions of L» are shown for various pipe sizes and should be 
obtained when the pipe is screwed into a fitting hand tight. 
Threads should be inspected for smooth, clean, sharp cuts, and 
the inside of the pipe checked for removal of burrs . Some form 
.of thread compound Is used to Insure a tight joint and provide 
lubrication when the joint is being made up. 

The following compounds have been used with satisfactory results: . 

Refrigeration and Oil Piping - Litharge and glycerin or 
Expando, or equal 0 : 

O ■ . r V..,. -". . 



Table 2-1 



CommarcUl S\zm {IPS) and Wcifhtt of PolyvinrI Chloride (PVC) 
Pipo (Abttrmctod from ATSM Sp«cificmtion DI78S-MT) 



Nominal 
• lize, 
in. 


Schedule 


Wall 
' thick- 
ness, •♦in. 


OD, 

in. 


ID, 

' in* 


Tbeoteti- 

cal 
weight/ 


Calculated min 
bunting pressure, 
psi 










10/it 


Notel 


Note 2 


14 


40 

80 ' , 


0.088 
0.119 


0.540 
. 0.540 


0.364 
0.302 


0.076 : 
■ 0.096 


2,490 
3,620 


1,950 
2,830 


M 


40 

80 


0.109 
0.147 


0.840 
0.840 


0.622 
0.546 


0.153 
0.195 


1,910 
2,720 


1,490 
2,120 


U 


40 

80 


0.113 . 
0.154 


1.050 
1.050 


0.824 ' 
0.742 


0.203 
0.265 


1,540 
2,200 


1,210 
1,720 


1 


40 

80 ' 


0.133 
0.179 


1.315 
1.315 


1.049 
0.957 


0.305 
0.385 


1,440 

2,020 


1,130 
1,580 


IV4 


40 
80 


0.140 . 
0,191 


.1.660 
1.660 


1.380 
1.278 


0.409 
0.550 


. 1,180 
1.660 


920 
1,300 


l\4 


40 

80 


0.145 
0.200 


1.900 
1.900 


1.610 
1.500 


0.489 
0.653 


1,060 
1,510 


830 
1,180 


2 


40 

80 


0.154 
0.218 


2.375 
2.375 


2.067 
1.939 


0.640 
0.910 


890 
1,290 


690 
1,010 


3 


40 
60 


0.216 
0.300 


3.500 
3.500 


3.068 
2.900 


1.380 
1.845 


840 

1,200 


660 
940 


4 


40 - 
80 


0.237 
0.337 


4.500 
4.500 


4.026 
3.826 


1.965 
X710 


710 
1,040 


560 
810 



Water-pressure Ratings at 23 C (73,4 F) for Class T Threaded 
PVC Plastic Pipe (Commercial SUndard CS256-63) 



ISoininal pipe 
size, in. 


Dimension 
ratio 


Pressure ratings^ for PVC plastic 
pipe made from 


PVCI120 
PVC 1220, psi 


PVC4116, 
psi 


PVC2110, 
psi 




4.15 


630 


500 


315 




4.15 


630 


500 


315 


H 


4.15 


630 


500 


315 


H 


5.0 


500 


400 


250 


U 


6.0 


400 


315 


200 


1 


6.0 


400 


314 


200 


l\4 


7.3 


315 


250 


160 


VA 


9.0 


250 


200 


125 


2 


11.0 


200 


160 


100 


2\i 


n.o 


200 


160 


100 


3 


13.5 


160 


125 


80 


3V< 


13,5 


160 


125 


80 


4 


17,0 


125 


100 


63 


5 


17.0 


125 


100 


63 


6 


21.0 


100 


80 


50 


8 


26.0 


80 


63 


NPR» 


10 


32.5 


63 


50 


NPR* 


12 


41.0 


50 


NFR 


NPR* 



2S 



- 1 



* Pressure ratings shown for threaded pipe are one-half those calculated in accordance with 

2S OD 
or = — 

^ t 

where S = design stress, psi 

P = pressure rating, psi 

OD = average outside diameter, tn. 

t = minimum wall thickness, in. 

SDR = standard thermoplastic pipe dimension ratio (OD// for PVC pipe) 

> Thus, pressure ratings for nonthrcaded pipe in Class-T dimensions are twice those given in 

this table. 

* NPR = not pressure-rated. 




Table 2-2 
6 



Tables 2-1 and 2-2 are from ^'Piping 
Handbook" by Crocker and King. 

1967, by McGraw-Hill, Inc. 
permission of McGraw-Hill 



Copyright 
Used with 
Book Co. 



Inrnmplcte Threads 
Due to Lecd of Die 




AMERICAN STANDARD TAPER PIPE THREADS 
(NPT) 



E, = £; + 0.0625 L, 



p=: Pitch 

Depth of thread = 0,80p 
Total Taper %-inch per Foot 



Flush by Hand 



Tolerance on Product: 
One turn large or small from 
notch on plug gauge or face 
of ring gauge. 




Notch flush %vith face of fit* 
ting. If chamfered, notch flush 
with bottom of chamfer.* 



MiiMnrions In IndiM 



F]p« 
8U« 



OutAlde 
DUmet«r 

Pipe 



E* 



Pitch 
Din meter 
ftt KnrI of 
E^rternrtl 
Thrend 



Pitch 
DInmcter 
At Knd of 
Internnl 
Thread 



Li 
Normnl 
EnRUcement hj 
lUnd between 
External * 
Iniernal 
Ttireadi 



Lii 



LCRfith 
of 

Brreetlv« 
Thread 



Pitch 
of 
Threikd 



Depth 

of 
ThreAd 



Number 
of 

Threads 
Per Inch 



H 


0.405 


0.3ft351 


0.3747fi 


0.180 


0.2630 


0.03704 


0.02063 


27 


W 


0.540 


0.477,10 


0.4H{18() 


0.200 


0.4018 


0.05.556 


0.04444 


18 
18 


K 


O.A75 


0.AI20I 


0.62701 


0.240 


0.4078 


0.0555fl 


0.04444 




0.f)40 


0.75A4.'f 


0.77843 


0.320 


0.5337 


0.07143 


0.0.5714 


14 




1.050 


0.flfi7f»8 


O.Pfl887 


0.331) 


0.5467 


0.07143 


0.05714 


14 




1.315 


1.2 13 A3 


1.2.1HA3 


0.400 


0.6828 


0.0SBfl6 


0.flfin57 




t H 




1.55713 


]. 58338 


0.420 


0.7068 


0.086116 


0.0ri!157 






i.fino 


i.7fir)n}i 


1.82234 


0.420 


0.7235 


fl.»R6fl6 


0.0ri!)57 




2.375 


2.2finn2 


2.2nn27 


0.436 


0.7565 


0.08696 


0.06057 






2.R75 


2.710.53 


2. 762 L 6 


0.682 


1.1375 


0.12500 


0. 1 OOOfl 


8 


V* 


3.500 


3,34062 


3.38850 


0.766 


1.2000 


O.J 2500 


0.10000 


8 




4.000 


3.83750 


3.8KHK1 


0.821 


1.2500 


0.12500 


0.10000 


8 




4.500 


4.33438 


4.38712 


0.844 


1.3000 


0.12500 


O.IGOOO 


8 




5.5fl3 


5.3!)073 


5.44{»2n 


O.037 


1.40f!3 


0.12500 


0.16000 


8 


« 


A,A25 


A.44609 


6.50507 


0.958' 


1.5125 


0.12500 


0.10000 


8 


8 


8.ff25 


8.433.%<> 


8.50003 


1.063 


1.7125 


0.12500 


0.10000 


8 


10 


10.750 


10.54531 


10.A20!>4 


1.210 


1.0250 


0.12500 


0.10000 


8 


32 


12.750 


12.53281 


12.61781 
13.87262 


1.360 


2.1250 


0.12500 


0. 10000 


8 


U O.D. 


14.000 


J 3. 7 7500 


1.562 


2.2500 


0.12500 


0.10000 


8 


lA O.D. 


1 6.000 


15.7A250 


15.8757.5 


1.812 


2.4500 


0.12500 


0.10000 


8 


18 O.D. 


18.000 


17.75000 


17.87500 


2.000 


2.6500 


0.12500 


0.10000 


8 


20 O.D. 


20.000 


lfl.73750 


10.87031 


2.125 


2.8500 


0.12600 


0.10000 


8 


24 O.D. 


24.000 


23.71250 


23.S60ft4 


2.375 


3.2600 


O.I 2600 


0.10000 


8 



fAlso pitch diameter at gauging notch. 
§Also length of plug gauge. 

{Also length of ring gauge^ and length from gauging notch to small end of plug gauge. 



AMERICAN STANDARD STRAIGHT PIPE THREADS 




*Straight pipe threads in couplings are gauged with American Standard Taper Pipe Thread plug 
gauges, the notch (P.D. = Ei) to come flush at bottom of chamfer with gauging tolerance of one 
and one*half turns large or small. While this theoretically provides maximum and minimum pitch 
diameters as shown, the actual pitch diameters of the tapped hole will be slightly smaller than the 
values given. 

t^^echanical joint straight pipe threads are gauged with straight thread gauges. 



D2ni«nt1oaa In lnch«t 



Nttmb«r 

Nominal Threads 
PIpd per 
Bite Ineh 



PUch 

«f 
Tiiroiid 

V 



Incrrniifl 
In 
Pitch 



StrnUht Tlircnd 

C*ompIIiii:h* 
(Intorniil TliroAd) 

for use uliit 
Taporcrt Thread 

ripo for 
Pri'fsurr Tiuht 



PITCH DIAMETER- 



StralKht Thread (Frpo KIttlPR} 
Mcrhiinicfll Jnlntat 
(MPBM) 



Straight Titroad iUmnc. FUttntc) 
Mrrlinrtlcal Jnhitftr 
LiOCkiiiil Conncciluna 
(NP8L) 



Dlnmrter 






~ EXTERN AT.— 


-INTERNAL— 


KXTERNAT. 


-IXTERNAL— — 


per 




Mqx. 


MIO. 


Mux. 


Mio. 


Max, 


Mln. 


Max. 


Mlo. 


Max. 


Turn 


Ka 


Kb 




]•:/ 


K/ 


K6 






Er 


K/ 


0.0023 1 


0.3713 


■0.37H2 


0.3713 


0.374R 


0.3748 


0.3782 


0.3R05 


0.3840 


0.3863 


0.3808 


11.00347 


0.4847 


0.4!«5I 


0.4H47 


o.48no 


0.4800 


0.4051 


0.4!)86 


0.5038 


0..'i073 


.0.5125 


0.00347 


0.6218 


0.6ri22 


0.6218 


0.6270 


0.6270 


0.6322 


0.6357 


0.6400 


0.6444 


0.6406 


0.00146 


0.7717 


0.7N5I 


0.7717 


0.7784 


0.7784 


0.7fl51 


0.7806 


0.7063 


0.800fl 


0.H075 


n.Of>44fi 


0.««'22 


f).0t»50 


0.0822 


0.1*8 HO 


O.nSHO 


0.00.^6 


i.oono 


1.0067 


1.01 12 


1.0170 


0.00543 


1.2305 


I.24f;H 


1.2305 


1.23h6 


1.23K6 


1.24ri8 


1.2523 


1.2604 


t.26.'>M 


1.273fl 


0.00543 


1.5752 


1..VII5 


1.5752 


1..S834 


1.5834 


1..5fl|5 


1.5070 


1.6051 


1.6106 


1.6187 


O.On.513 


1.NI42 


1 .8305 


1.8142 


1.8223 


1.8223 


I.K305 


' i.83no 


1.8441 


1.8405 


1.S576 


0.fMJ543 
O.OOTHl 


2.L'HK t 


2.3044 


2.2881 


2.2063 


2.2063 


2.3044 


2.300t) 


2.3180 


2.3234 
2.8012 


2.3315 


2.7505 


2,773!l 


2.7505 


2.7^22 


2.7fl22 


2.7739 


2.7HI7 


2.7034 


2.SI20 


0.00781 


3.3768 


3.4002 


3.3768 


3..3885 


3.. '188 5 


3.4002 


3.4081 


3.4 Km 


3.4276 


3,4303 


0.0078 1 


3.8771 


3.0 005 


3.8771 


3.8888 


3.8888 


3.0005 


3.11084 


3.9261 


3.0270 


3.0306 


0.00781 


4.3764 


4.3088 


4.3754 


4.3871 


4.3871 


4.3088 


4.4067 


4.4184 


4.4262 


4.4370 


0.00781 






5.4370 


6.4493 


5.4493 


&.4SI0 


5.4688 


5.4805 


5.4884 


5.5001 


0.00781 






fl.4943 


e.60«D 


«.6oao 


6.6177 


6.5256 


6.5372 


6.. 54 .50 


6.5567 


0.00781 














8.5t06 


S.5313 


8.5301 


8.5608 
10.6717 


0.00781 














10.6405 


10.0.'i22 


10.6600 


0.00761- 














12,0374 


13.0401 


12.66C9 


12.6686 



J 

a 

6 

8 
10 



27 

18 

18 

14 . 

14 
HK 
f IH 

lis 

8 
8 
8 

a 

8 
8 

a 

8 



ERIC 



0.03704 
0.05556 
O.0,'55.'»6 
0.07M3 
0.07 14.i 
0.086'i6 
0.nhli!i6 
0.riN6!l6 
0.08606 
0.12500 
0.1 2.500 
0.12500 
0.12500 
0.12500 
0.12500 
0.12500 
0.12500 
0.12600 
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Plastic Piping - Teflon pipe compound or sealing tape. 

Other services - Armite Joint Seal Compound /^250, 

Commercial "Thred-Seal", 

Baker Oil Tool Teflon "Bakerseal" or equal. 

Compound should be smoothed on the male thread and not in the 
fittings. 

Threaded fittings are available in the following materials and 
pressure ranges: 

Cast iron 125 and 250 lb, steam 

Malleable iron 150 and 300 lb, steam 

Brass and copper 150 and 250 lb, steam 

Forged steel 2,000, 3,000, and 6,000 lb, steam 

Welded joints and fittings are used for steam, hot water and 
chilled water piping. The butt weld is used to join pipe ends, 
pipe to flange, and pipe to fittings. The pipe ends are beveled 
by grinding or oxygen-flame cut to an angle between 35° to 40°, 
Pig. 2-1, and to a compound bevel for thicker wall pipes. Fig. 2-2, 
Backing rings, or chill rings, are sometimes specified for butt 
welds. Fig. 2-3. These prevent icicles and slag from forming on 
the inside of the pipe. In the smaller sizes of welded piping the 
use of socket end welding fittings eliminates this problem. Butt 
weld fittings are forged steel and are classified by schefl\il© 
nu:iber (20, 40, 60, 80 and 160) and have the same pressure and 
temperature ratings as seamless steel pipe of the same schedule. 
Socket ,yeld fittings are available in sizes to 4", 3,000 and 
6,000 psi ratings. Forged branch fittings welded directly to the 
side of a pipe, as the "Weldolet", etc. Fig. 2-5, are sufficiently 
reinforced to meet the ASMS requirements of replacing the metal 
cut out for the branch opening. 

Inspection of welded joints is accomplished visually, by radio- 
graphic methods, magnetic particle inspection, by use of dye 
penetrants, and ultrasonic testing. Some of the defects that 
can be observed are shown in Pigs, 2-6 to 2-8. 

Visual Inspection of Welds 

The follov/ing procedures and visual inspection should be made of 
welds whether or not a radiographic inspection will be made. 

Before .Yelding 

1. V/elders qualifications. 

2. Inspect base materials for seams, scale or delamination. 
Check material for proper thickness. 



*0 iO 




i MA} 




P/P£ END BE VEL 



P/^f END — \ 
Fig. 2-2 



/e -32 












1 


1 









BACKIN6- PINO 
Fig. 2-3 



/s 



Fig. 2-4 

^OC/<Er END WELDINij FITTINO- 



ERIC 




VVeldolet; Swecpolet; Latrolet. 

From •'Piping Handbook" by Crocker 
Fig. 2-5 and King. Copyright 1967, by 

McGraw-Hill, Inc. Used with per- 
- mission of McGraw-Hill Book Co. 



3« After parts are assexobled for welding # check: 



a« weld preparation for dimensions and finish* 

clearance dimensions of backing strips, rings or 
backing filler metal* 

0. alignment and fit up to the pieces being welded. 

d. clean metal surfaces • 

e. electrode specification and storage • 

During welding , check: 

1# Welding process (welding procedure specification if one 
exists )• 

2. Filler metal • 

3* Cleaning of welds* 
*4» Penetration of successive passes* 

5. Undercutting • 

6. Surface uniformity. 

7. Chipping, grinding or gouging. 

3. Warp age. 

After welding , check for: 

1. Cracks (not* acceptable). 

2. Undercutting (not to exceed 1/32" in depth). 

3. ;Veld reinforcement; not to exceed the following: 

component thickness reinforcement thickness, 
inches Inches 

1/2 and under , I/8 

over 1/2 through 1 5/32 

over 1 3/16 

Surface of the weld shall fair into the base metal with 
no overlap. 

4. Fillet weld dimensions (see Fig. 2-11 for acceptable 
divergences). 

5. Acceptability of weld regarding appearance (surface 
roughness, weld splatter, etc). 

Radiographic methods employing X-ray or radioactive Isotopes 
are used both in shop and the field. Butt welds may be examined 
by placing the radiation sooirce on one side of the pipe. Some 
piping Codes require the use of a gage called a "penetrameter" 
which is placed near the v/eld being radiographed. The purpose 
of this gage is to produce a film sufficiently sensitive to show 
the various holes on the penetrameter, as shown in Pig. 2-9. 
Magnetic particles v;ill show up surface and sub-surface discon- 
tinuities^ in the path of a magnetic flux in a magnetic field 
placed around f erro-magnetic metals. Dye penetrants are used to 
inspect pipe base materials and welds. The highly penetrating 

ERIC 10 



OES!K:Ae,».E TILLbT WELO PROFILES. 



»0 




CONVEXiry^C, NOT 
TO E)lCeED VALUE 
5PECIP>EP 



ACCEPTABLE FILLET WELP PROFILE 





EXCESSIVE UWPEPCUT OVERLAP INSUPFlClENT tMSUFFlCIENT 
CONVEXITY LEG THROAT 

DEFECTIVE FILET WELD PROFILES 



1^ 



TA 



PErNFORCEMENif; 
NOT TO LSCEED VALUE 
SPECIFIEP 



ACCEPTABLE ©UTT WL-LD PROFtLt; 



-o i 

_/0 > 



E>^CtSCJVu CONVLXITV 



UNDERCUT 



OVE-kLAP 



Cbl f.C.7IVK f:iUTT WELD PPOHLbS 



er|c 



Pig. 2-6 

ACC 'u t-' T L i: .VUf LCTI ^ t- V/ELP kt^OP'Ll S 



11 




INSlOE SURFACES BUT CEN- 
TER OF ROOT PASS SIICHTLY 
BELOV INSIDE SURFACE OF PIPE 



INADEQUATE PENETRATION DUE TO rNTERNAL CGKCAVITY 









> 






NOTE ABSENCE OF BONO AND THAT — ^ 
OISCCMTINUITV IS SURFACE CONNECTED 




IMCOHPIETE FUSION AT ROOT OF BEAD OR TOP OF THE JOINT 



COLO LAP BETWEEN 




COLD LAP BEB/EEN WELD 



ADJACENT BEADS BEAD AND BASE METAL 

NOTE: CCLO LAP IS NOT S'JHFACE CONHECTEO 



IKCC;t:-',^T£ rLSlCN D^JE TO LAf 

1 

! 



Pig. 2-7 

Figs. 2-7, 2-8, and 2-9 used by permis- 
sion. Division of Transportation, 
American Petroleum Institute from API 
Std. 1104, STANDARD FOR WELDING PIPE 
12 LINES AND RELATED FACILITIES, 11th 
Edition. 
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NO HIGH- LOW 
AT ROOT 




NOTE IMCOMPLETE 
FILLING AT ROOT 



ONE OR BOTH BEVELS 
MAY BE IHADEOUATELY 
FILLED AT INSIDE 
SURFACE 



INADEQUATE PENETRATION OF WELD GROOVE 



NOTE HIGH-LOW 
AT ROOT 




KOTE INCOMPLETE FILLING 
AT ROOT ON ONE SIDE ONLY 




BOTH SIDES COMPLETELY 
TIED-IM BY VELD METAL 



INADEQUATE PENETRATIOM DUE TO HIGH-LOW 



Pig. 2-8 
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IDENTIFYING NUMBER. 



TsPENETRAMETER THICKNESS 
A DIAMETER = 21 
B DIAMETERS IT 
C DIAMETER=4T 

EXCEPT THAT THE SMALLEST HOLE NEED NOT BE LESS THAN IN 
DIAMETER. 

HOLES SHALL BE ROUND AND DRILLED PERPENDICULAR TO THE SURFACE. 
HOLES SHALL BE FRES OF BURRS BUT EDGES SHALL NOT BE CHAMFERED. 



EACH PENETRAMETER SHALL CARRY A LEAD IDENTIFICATION NUMBER. 

Fenetmmeter 
Thickneaa Identiiying 

Inches Number 

Weld Thickness, Inches 

Up to i ind 0.005 6 

Over I through i 0.0075 7 

Over i through h 0.010 10 

Over i through g. . 0.0125 12 

Over 9 through 3 0.015 15 

Over 2 through i 0.0175 17 

Over S through 1 0.020 20 

Over 1 through IJ 0,025 25 

Over 15 through IS 0.030 30 

Over li through 2..^.^.. 0.035 35 

STANDARD PENETRAMETER 



ERIC 



Pig. 2-9 
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liquid is applied to the metal surface and left for 15 to 30 
minutes* The v/elded area is then wiped clean and sprayed with 
a fine white powder. Any dye which previously penetrated surface 
discontinuities v/lll be absorbed by the dried powder and be visi- 
ble to the eye. The ultrasonic method of inspection transmits 
mechanical vibrations at ultra-high frequencies through the test 
specimen with little or no loss of energy if the material is 
homoseneous throughout • The presence of a defect or flaw in the 
material will cause a reduction or reflection of this energy, 
thr^reby providing a means of detection. 

The various pipiiiG Codes, ASK'^, AITSI, etc, allow specific amounts 
of imperfections, si:Jch as slag inclusions, incomplete penetration, 
and porosity. Ficj. 2-10 shows allowable maximum distribution of 
gas pockets (porosity), 

Certirication of Velders 

All welding of rioin^ installed under the requirements of the Code 
for Pressure Plplns, Power piping, ANSI Bol.l.O, and the ASMS 
Boilor and Pressure Vessel Code (Section IX) require that welders 
be aualifiod under the requirem^-Dnts of these Codes. Each employer 
is rosT^onsible for the v/elding done by the personnel of his organ- , 
ization and shall conduct the^required qualification test (or hava 
it done by a certified testing laboratory). The Code for Prossuive 
Piping requirements are the same as the ASME Pressui-'o Vessel Code 
except that under th-3 for-uCir welders , qualified by one employer 
may be accepted by another employer on riping using the saiue or 
equivalent procedure v/here the esser"*"'?! vai'^iables are witliin the 
limits of Section IX of the ASiO Codo.^ The now employer assumes 
responsibility for the -velds. Under hoi-- Codes, welders are 
qualified as competent to v;eld in one or all of the .positions 
designated as llr\ 2Ci, etc, all as described in the Secuion IX 
of the ASME Code as follows: 

. IG Pipe axis hor5. scntal, weld groove horisontal 
2G Pipe axis vertical, weld axis horizontal 
pipe axis horizontal, v/eld groove vertical 

These positions ar^c. chovm on page (Pig. 12'7.o.a) of the Pi^essure 
Piping Code. ^ Ilote that qualification for these positions on pipe 
also qualify for comparable positions for plate groove and fillet 
v/elds. 

Coupons are cut from welded sections and si^.bjocted to tension and', 
bending tests to deter.mine the tor;£ile strength and degree of 

SLQUTvdne„s.s__^ — The-^-v/o4d-J.s--^al-so— r-adi-o 

graphed and secticnalizod to prove soundness. 

The report of the performance qiialiflcat Ion test includes thi) 
ASTi: sr.ecif icat 5.on of the mate r.^lal welded, or th.^ P-lIiamber , 
which vai^ious sto^^ls are classed in Seclion IX as follows: 

F-1 Carbon £tt3ol£, 4^,000 to 75,000 psi min tensile 
r-5 Low alloy stools, not ovei' Sfi alloy ' . 
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Dimension 



Porosity Charts 
No. of Pores 



.10 |.031 


.0195 


• 




h 


15 1 35 






• 

• 







ASSORTKD 



.10 i 








Ll 








• 






LARGE 





.031 • • 

1 . • * 

• • • 


• 

• 

• 


• 




•• 

• - • 




MEDIUM 





.0193 ' . • • • . • • . 


. . • • • ... * • . . — 


• * . * • * 




FINE 





TYPICAL NLMBEl^ AND SIZE PEUMITTED 
l\ \\Y SIX INCH LENGTH OF WELD 
ONE H \LF INCH WICLD THICKNESS 
TOT AL i'OHE \HK \ I'KMMITTEI) IS .030 SQ. IN. 



1 

Pig. 2-10 (a) 
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Dimension 



Porosil) (-harts 
No. of f^oros 



.024 


. * • • * • * 

• • • •* ■ • 
■ •••• • 


;35 


.034 


19 


.125 


1 




ASSORTED 




.125 




4 






LARGE 





.034 


* • 


• 

• • 






m 


• * • 


• • • • • 


• • • • 
- - • 

• • 

* • • • 


• 



MEDIUM 



.024 |....... . . . 


••••••• , • 


99 


• • * • 






FINE 





TYPICAL NUMBER AND SIZE PERMITTED 

IN ANY SIX INCH LENGTH OF WELD 
THREE QUARTER INCH WELD THICKNESS 
TOTAL PORE AREA PERMITTED IS .045 SQ. IN. 
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Fig. 2-10 (b) 
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Porosily Charts 



Dimension No, of Pores 



.0275 


• • ■ ■- 

. • . • • • . 

• • 


• . • .•• • • 
. •. . • • • 

. • • • M 

« * • 


38 


.039 


21 


.125 


1 


1 ASSORTED 1 


.125 1 

• 




1 LARGE 1 


.039 1 


• • • . 
... • 

• • • 
• »• • • 

• • • 


• A 1 


50 




■ ^ • 

• • 

• • • • 
• • • • # 


1 MEDIUM 




.0275 1 . . . • • . • . • . 

. • • • . ' 


. . Iioi 

• 

.. • • • 
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RECOMMENDED FORM Q-1 MANUFACTURER'S RECORD OF WELDING PROCEDURE 

QUALIFICATION TESTS 



Specification No. 

Welding Process 

Material Specification. 



Date 



Manual or Machine 
of P-No. ■ 



to P-No. 



TKickness (if pipe, diameter and wall thickness) 

Thickness Range this test qualifies 

Filler Metal Group No- F- 

Weld Metal Analysis No. A- 



Describe Filler Metal if not included in Table Q-11.2 

or QN-11.2 " [ 

For oxyacetylene welding-State if Filler Metal is sil- 
icon or aluminum killed. 

WELDING PROCEDURE 

Single or Multiple Pass 

Single or Multiple Arc 

Position of Groove , 



FLUX OR ATMOSPHERE 

Flui Trade Name or Composition 

Inert Gas Composition 

Trade Name Flow Rale , 

Is Backing Strip used? 



Preheat Temperature Range 

Interpass Temperature Range 
Postheat Treatment ^_ 



(Flat» horUontal» vertical* or overhead; if vertical* state whether li^ward or downward) 



(See Pars. & Figs. Q-2 & Q-3, or QN-2 & QN-3) 



Filler Wire— Diameter . 

Trade Name ' 

Type of Backing 



FOR INFORMATION ONLY 

WELDING TECHNIQUES 

Joint Dimensions Accord with_ 

. amps volts inches per min._ 



Forehand or Backhand 



Current . 



Polarity 



REDUCED SECTION TENSILE TEST (Figs. Q-6 and QN-6) 



Specimen No. 


Dimensions 


Area 


Ultimate 

Total 
Load, lb. 


Ultimate Unit 
Stress, psi 


Character of Failure 
and Location 


Width 


Thickness 































GUIDED BEND TESTS(Figs. Q-7.1, Q-7.2, QN-7.1, QN-7.2, QN-7.3) 



Type and 
Figure No. 



Result 



Type and 
Figure No. 



Result 



Results of Filletweld Tests. Fig. Q-9(c) 
Welder's Name 



Clock No. 



. Stamp No.. 



vl'ho by virtue of these tests meets welder performance requirements. 

Test Conducted by Laboratory -Test No. 

per '. 

We certify that the statements in this record are correct and that the test welds were prepared, welded and 
tested in accordance with the requirements of Section IX of the ASME Code. 



Signed 



(Manufacturer) 



Date . 



(l)etail of record of tests are illustrative only and may hv modified to conform to the type and number of tests 
required by the Code. Recommended Form Q-1 is availablr for purchase at ASMK Headquarters.) 
NOTE: Any essential variables in addition to those above .shall be recorded. 
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Chapter V 

FABRICATION, ASSEMBLY AND ERECTION 



127 WELDING 

127.1 General 

The following applie5 essentially to the weld- 
ing of ferrous materials. The welding of aluminum, 
copper, etc., requires different preparations and 
procedures. 

127.2 Material. 
127.2. J Filler tAetaL 

All filler metal shall comply with the re- 
quirements of Section IX, ASME Boiler and Pres- 
sure Vessel Code, A new filler metal not yet in- 
incorporated in Section IX^ and which is neces- 
sary for the development of the science of weld- 
ing, may be used if a procedure qualification test 
is first successfully made. 

127,2,2 Backing Rings. 

When backing rings are used they shall be 
made from material of weldable quality compatible 
with the base metal or be of a removable type. 
Backing rings may be of the consumable insert 
type, removable ceramic type, or solid or split 
band type. A ferrous backing ring which becomes 
a permanent part of the weld shall not exceed 
0.05 per cent sulphur. 

If two abutting surfaces are to be welded to a 
third member used as a backing ring and one or 
two of the three. members are ferritic and the other 
member or members are austenitic, the satisfac- 
tory use cf such materials shall be determined by 
procedure qualification. 

127.3 Preparation. 
127,3,1 Butt Welds, 
(a) End Preparation, 

1. Oxygen or arc cutting is acceptable 
only if the cut is reasonably smooth and true, and 
all slag is cleaned from the flame cut surfaces. 
Discoloration which may remain on the flame cut 
surface is not considered to be detrimental 
oxidation. 

2. Butt-welding end preparation dimen- 
sions contained in USAS Bl6.25 or any other 
end preparation which meets the procedure qual- 
ification are acceptable. 

3. If piping component ends are bored 
such boring shall not result in the finished wall 
thickness after welding less than the minimum de- 
sign thickness. Where necessary, weld metal of 
the appropriate analysis may be deposited on the 



inside of the piping component to provide suf- 
ficient material for machining to insure satis- 
factory fitting of rings. 

4. If the piping component ends are upset 
they may be bored to allow for a completely 
recessed backing ring, provided the remaining net 
thickness of the finished ends is not less than 
the minimum design thickness. 

(b) Cleaning. 

Surfaces for welding shall be clean and shall 
be free from paint, oil, rust, scale, or other ma- 
terial which is detrimental to welding. 

(c) Alignment. 

The ends of piping components to be joined 
shall be aligned as accurately as is practicable 
within existing commercial tolerances on diam- 
eters, wall thicknesses, and out-of-roundn ess. 
Alignment shall be preserved during welding, 
Uliere ends are to be joined and the internarmis- 
alignment exceeds 1/16 in., it is preferred that 
the component with the wall extending internally 
be internally trimmed (see Fig. 127.3.1) so that 
adjoining interna], surfaces are approximately 
flush. However, this trimming shall not result in 
a piping component wall thickness less than the 
minimum design thickness and the change in con- 
tour shall not be so abrupt as to cause a stres'S 
concentration. Inert gas metal arc welding may re- 
quire more accurate alignment than specified 
above. 

(d) Spacing, 

The root opening of the joint shall be as 
given in the procedure specifications. 




FIG. 127.3.1. BUTT WELDING OF PIPING COMPONENTS 
WITH INTERNAL MISALIGNMENT. 
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127.3.2 Fillet Welds. 

Piping components which are to be joined in 
a manner which includes fillet welding shall be 
prepared in accordance with applicable provisions 
and requirements of Par. 127.3.1. For typical de- 
tails see Fig. 127.4.4A, B and C. 

127.4 Procedure. 

127.4.1 General. 

(a) Qualification of the welding procedures 
to be used, and of the performance of welders and 
operators, is required, and shall comply with the 
requirements of the ASME Boiler and Pressure 
Vessel Code (Section IX) except as modified by 
Par. 127.5. 

(b) No welding shall be done if there is 
impingement of rain, snow, sleet or high wind on 
the weld area. 

127.4.2 Girth, Butt Welds. 

(a) Girth butt welds may be made with a 
single vee, double vee, or other suitable type of 
groove, with or without backing rings or consum- 
able inserts. 

(b) Tack welds shall be made by a qualified 
-welder. Tack_„ welds ma ^ by an unqualified 

welder shall be removed. Tack"welds~"which~are"^ 
not removed shall be made with an electrode 
which is the same as or equivalent to the elec- 
trode to be used for the first pass. Tack welds 
which have cracked shall be removed. 

(c) When components of different outside 
diameters are welded together, there shall be a 
gradual transition in the weld between the two 
surfaces. If the difference in surfaces exc ;eds 
1/4 in., die outside surface of the component 
having the larger diameter shall be tapered at an 
angle not to exceed thirty degrees with the axis 
of the pipe. 

(d) The finished surface of the weld shall 
metge smoothly into the component surface at the 
weld toe. The thickness ot weld reinforcement 
shall not exceed the following, considering the 
thickness of the thinner component being joined. 



Component 
Thickness 

Up to 1/2 in. 
Over 1/2 to 1 in. 
Over 1 to 2 in. 
Over 2 in. 



Reinforcement 
Thickness, Max 

1/16 in. 
3/32 in. 
1/8 in. 
5/32 in. 



This reinforcement need not be removed ex- 
cept in the case where a joint is to be radio- 
graphed; dien excessive ridges which may inter- 
fere with proper interpretation of a radiograph 
shall be removed. 

For double-welded joints, this limitation on 



reinforcement shall apply to each surface of the 
weld separately. 

(e) Girth butt welds may be examined by any 
or all of the methods stated in Table 127.4.6. The 
types and extent of examination required are 
specified in Par. 136.5. 

Sections of welds that are shown by radio- 
graphy or other examination to have any of the 
following types of imperfections shall be judged 
unacceptable and shall be repaired as provided 
in Par. 127.4.7. 

1. Any type of crack ot zone of incomplete 
fusion or penetration. 

2. Any slag inclusion or porosity greater 
in extent than those specified as acceptable by 
the radiographic methods of examination set forth 
in Par. 136.4.3(b) and (c). 

3. Undercuts in the external surfaces of 
butt welds which are more than 1/32 in. deep. 

4. Concavity on the root side of full pene- 
tration girth butt welds where the resulting weld 
thickness is less than the minimum pipe wall 
thickness required by this Code. Weld reinforce- 
ment up to a maximum of 1/32 in. thickness may 
be considered as pipe wall thickness in such 
cases. • . 

127.4.3 Longitudinal Butt Welds. 

~ l7ongitudinal-butt-welds_in piping^omponen^ 
not made in accordance with the standards and~ 
specifications listed in Table 126.1 may be ex- 
amined by any or all of the methods stated in 
Table 127.4.6. Imperfections shall not exceed 
the limits established for girth butt welds except 
that no undetcutting shall be permitted in longi- 
tudinal butt welds. 

J27.4.4 Fillet Welds. 

' Fillet welds may vary convex to concave. 
The size of a fillet weld is determined as shown 
in Fig. 127. 4. 4A. Typical minimum fillet weld 
details for slip-on flanges and socket-welding 
components ate shown in Fig. 127.4.4B and 
127.4.4C. 

The limitations on cracks and undercutting 
set forth in Par. 127.4.2(e) for girth welds are 
also applicable to fillet welds. 

127.4.5 Seal Welds. 

Where seal welding of threaded joints is 
performed, threads shall be entirely covered by 
the seal weld. Seal welding shall be done by 
qualified welders. 

The limitations on* cracks and undercutting 
set forth in Par. 127.4.2(e) for girth welds are 
also applicable to seal welds. 

127.4.7 Weld Defect Repairs. 

AU defects in welds requiring repair shall 
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ToWe 127.4.6. 



Methods of Examination of Welds 



Kxamina* 
lion for Visual 


Magnetic 
Particle 


Ultra- 
sonic 


Radio- 
graphy 


Liquid 
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trant 


X 

Ray 


Crack X 


X 


X 


X 


X 
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Penetration X 


Veld 

Undercutting X X 


U'cld Rein- 
forcement. X 


Porosity 




X 


X 


X 




Slag 

Inclusions 




X 


X 


X 




Lack of 
Fusion 


X 


X 


X 


V 

;\ 





be icmovcd by flame or arc gouging, grinding, 
chipping, or machining. Repair welds shall be 
made in accordance with the same procedure used 
for original welds, recognizing that the cavity 
to be repaired may differ in contour and dimen* 
sions-from the„.original joint. The types, extent 
and method of examination and limits of im- 
perfections of repair welds shall be the same as 
for the original weld. 

preheating may be required for flame-gouging 
or arc-gouging on certain alloy materials of the 
air hardening type in order to prevent surface 
checking or cracking adjacent to the flame or arc- 
gouged surface. 

127.4.8 Welded Branch Comiections. 

(a) Fig. 127.4.8A, 127.4.8B and 127.4.SC 
show typical details of branch connections with 
and without added reinforcement. However, no 
attempt has been made to show all acceptable 
types of construction and the fact that a certain 
type of construction is illustrated does not in- 
dicate that it is recommended oyer other types 
not illustrated. 

(b) Fig. 127.4.8D shows basic t>'pes of weld 
attachments used in the fabrication of branch 
connections. The location and minimum size of 
these attachment welds shall conform to the re- 
quirements of Par. 127.4.8. Welds shall be cal- 
culated ia accordance with Pat. 104. 3.1 but shaU 
not be less than the sizes i»hown in Fig. 127.4. 8D. 

The notations and symbols used in this para- 
graph and in Fig. 127. 4. 8D arc as follows: 

- nominal thickne5:i of branch wall less 
corrosion* allowance, inches. 



ic - the smaller of 1/4 inch or 0.7 tn 

/e - no.ninal thickness of reinforcing element 

(ring or saddle), inches. (/^ = 0 if there 

is no added reinforcement). 

'min = the smaller of /n or 

(c) Branch connections (including specially- 
ftiade integrally reinforced branch connection 
fittings) which ^but the outside surface of the 
run wall, or which are inserted through an open- 
ing cut in the run wall, shall have opening laiid 
branch contour to provide a* good fit and shall be 
attached by means of full penetration groove 
welds. The full penetration groove welds shall 
be finished with cover fillet welds having a mini- 
mum throat dimension not less than Iq. The limita- 
tion as to imperfection of these groove welds shall 
be as set forth in Par. 127.4.2(e) for girth welds. 

(d) In branch connections having reinforce- 
ment pads or saddles, the reinforcement shall be 
attached by welds at the outer edge and at the 
branch periphery as follows: 

1. If the weld joining the added reinforce- 
ment to the branch is a full penetration groove 
weld, it shall be finished with a cover fillet weld 
having a minimum throat dimension not less than 
t^; the weld at the outer edge, joining rhe added 
reinforcement to the run, shall be a fillet weld 
with a minimum throat dimension of 0.5 t^, 

2. If the v.-eld joining the added teinforce- 
ment to the branch is a fillet weld, the throat 
dimension shall not be less than 0.7 /wtM- The 
weld at the outer edf^e joining the outer reinforce- 
ment to the run shall also be a fillet weld with a 
minimum throat dimension of 0.3 ^e* 

(e) When rings or saddles are used, a vent 
hole shaii be provided (at the side and not at the 
crotch) in the ring or saddle to reveal leakage in 
the weld between branch and main tun and to pro- 
vide venting during welding and heat treating 
operations. Rings or saddle:^ may be made in 
more than one piece if the joints between the 
pieces have strength equivalent to ring or sad- 
dle pare.-'t metal and if each piece is provided 
with a vent hole. A good fit shall be provided 
between reinforcing rings or saddles and the 
parts to which they are attached. 

i27,4.9 Heat Treatment. 

Heat treatment for welds shall be in accord- 
ance with Par. 131. 

127 .5 Qualification. 
/27.5.i General. 

Qualification of the welding procedures to be 
used, and of the performance of welders and 
welding operator:*, is required, and shall comply 
7/ith the requirements of the ASME Boiler and 
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Pressure Vessel Code (Section JX) except as 
modified by this Par. 127.5. 

127.5.2 Welding Responsibility, 

. Each employer is responsible for the welding 
done by personnel of his organization, and shall 
conduct the required qualificarion tesrs to qualify 
the welding procedures, and the welders or weld« 
ing operators. 

127.5.3 Qualification by Others, 

To avoid duplicailon of qualification tests of 
welders or welding operators, the welders or 
welding operators qualified as required above by 
one employer may be accepted by another em- 
ployer (subject to the approvsW^>^ the owner) on 
piping using the same or an equivalent procedure 
wherein the essential variables are within the 
limits established in Section IX, ASME Boiler 
and Pressure Vessel Code. An employer accept- 
ing such qualification tests by another employer 
shall obtain a copy (from the previous employer) 
of the performance qualification test record, 
showing the name of the employer by whom the 
welders or welding operators were qualified, the 
dates of such qualification, and the date the 
welder last welded pressure piping components 
under such qualification. The employer shall then 
prepare and sign the record required in Par. 127.6, 
accepting responsibility for the ability of the 
welder or welding operator. 

127,5 4 Test Joint. 

(a) Test joints for both procedure qualifica- 
tion and performance qualification shall be made 
as groove welds in pipe in one or more of the 
specified basic qualification test positions. 

(b) Both procedure and perfonhance qualifi- 
cation on groove welds in pip<? in a given posi- 
tion shall also qualify for groove welds in plate 
and fillet welds in pipe or plate, for equivalent 
welding positions as shown in Section IX, ASME 
Boiler and Pressure Vessel Code, and Fig. 127.5.4. 

(c) Qualification in Position IG qualifies 
for welds in that position only. Qualification in 
either Position 2G or 5G qualifies for welds in 
those respective positions; and also for welds 
covered by Position IG. Qualification in both 
Positions 2G and 3G qualifies for weids to be 
made in any position regardless of the orienta- 
tion of the weld or of the pipe axis, and regard- 
less of whether the pipe is rolled. 

127,5*6 Performance Requalification. 
Renewal of performance qualification is re* 
quired under either of the following conditions: 
(I) A welder has not used the specific 
process within the essential variables 



given in Section IX, ASME Boiler and 
Pressure Vessel Code, to weld either 
ferrous or nonferrous pressure piping ma- 
terials for a period of three months, or 
(2) If there is reason to question his ability 
to make welds that meet the perfonnance 
qualification requirements. 

Renewal of qualification under condition (1) 
need be made in only a single pipe wall thick- 
ness and may be made by either a test weld or a 
production weld checked on the basis of accept- 
able radiography. 

127.6 Qualification Records. 
The employer shall maintain a record, certified 
by him, and available to the purchaser or his 
agent and the inspector, of the procedures used 
and the welders or welding operators employed 
by him, showing the date and results of procedure 
and perfonnance qualifications, and the identifica- 
tion symbol assigned to each perfonnance qual- 
ification. The identification symbol shall be used 
to identify the work performed by the welder or 
welding operaror, and after completing a welded 
joint, he shall identify it as his work by applying 
his assigned symbol for permanent record in a 
manner specified by his employer. 

128 BRAZING 

128.1 Materials. 

128 A.l Filler Metal. 

The filler metal used in brazing shall be 
a nonferrous metal or alloy having a melting 
point above 800 F and below that of the metal 
being joined. The filler metal shall melt and 
flow freely within the desired temperature range 
and, in conjunction with a suitable flux or con- 
trolled atmosphere, shall wet and adhere to the 
surfaces to be joined. 

128,1,2 Flux, 

Fluxes that are fluid and chemically active 
at the brazing temperature shall be used when 
necessary to prevent oxidation of the filler metal 
and the surfaces to be joined and to promote free 
flowing of the filler metal. 

128.2 Preparation and Procedure. 

128.2.1 Surface Preparation, 

The surfaces to be brazed shall be clean and 
free from grease, oxides, paint, scale, and dirt of 
any kind. Any suitable chemical or mechanical 
cleaning method may be used to provide a clean 
wettable surface for brazing. 

128.2.2 Joint Clearance, 

The clearance between surfaces to be joined 
shall be no larger than is necessary , to insure 
complete capillary distribution of the filler metal. 
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FIC. «7»5.4» TEST JOINT POSITIONS* 
For Qualification of V('clding Procedure and Welder Performance 



•ASiCQUAtiriCATlON tf$T! 



GAOOvt ^EtOS 
IN P*Pt 



ALSO QUALtFiCS ^OO: 



C0OOVC mlos 



QID 

Pf •mOAiJONTaC nOLCEO 



fLAT 



V 

AQLLCO 




«^Eco>moqi/ontal 




V 

ROLCEO 




Flat 



NOAlZONTAL 



HORIZONTAL 



HORIZONTAL 



Pipe "HORIZONTAL FIKEO 

wCLO- Flat. VERTICAL 

AND OVERHEAD 




VERTICAL 
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128.2.) Heating. 

The^ joint shall be brought to brazing tem- 
perature in as shott a time as possible to minimize 
oxidation. 

128.2,4 Brazing Qualification. 

The qualification of tlic brazing procedure, 
and of the performance of brazcrs and brazing 
operators, shall be in accordance u*ith the require- 
ments of Part C, Section IX, ASME Boiler and 
Pressure Vessel Code. 

129 BENDING AND FORMING 

129.1 Bending. 

Pipe may be bent by any hot or cold method 
and to any radius which will result in a bend 
surface free of cracks, as determined by a method 
of inspection specified in the design, and sub- 
stantially free of buckles. Such bends shall meet 
the design requirements of Par. 102.4.5 and Par. 
104.2.1. This shall not ptohibit the use of bends 
designed as creased or corrugated. 

129.2 Forming. 

Piping components may be formed, (s wedging, 
lapping, or upsetting of pipe ends, extrusion of 




ROLLED 



HORIZONTAL . 

VERTICAL 
AsOOwERKAO 




HORIZONTAL 



necks, etc.), by any suitable hot or cold working 
method, provided such processes result in formed 
surfaces which are uniform and free of cracks 
or other defects, as determined by methods of 
inspection specified in the design., 

129*3 Heat Treatment of Bends and Formed 
Components. 

129.3*1 Carbon steel piping which has been 
heated to 1630 F or higher for bending or other 
forming operations shall require no subsequent 
heat treatment. 

/?9.3.2 Ferritic alloy Gtcel piping which 
has been heated for bending or other fcrn«ing opera- 
tions shall receive a stress relieving treatment, 
a full anneal, or a normalize and temper treatment, 
as specified by the design. 

129.3.3 Cold bending and forming of carbon 
steel having a wall thickness of li in. and heavier, 
and all ferritic alloy pipe in nominal pipe sizes 

of 4 in. and larger, ot }/i in. wall thickness or 
heavier, shall require a stress relieving treatment. 

129*3*4 Cold bending of carbon and ferritic 
alloy steel pipe in sizes and wall thicknesses 
less than specified in Par. 2 29*3.3 may be used 
without a posthent treatment. 
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P-4 Alloy steels, not over 2 3/4?J alloy 

p-5 to P-8 alloy steels (not pertinent to this text) 

The grouping of materials in this Section of the Code as to "P" 
numbers is made on the basis of hardenabllity characteristics to 
reduce the number of welding procedure qualifications required^ 

Pigp 2-12 is the recommended form (Q-1) for the manufacturer's 
record of a welding qualification test. It will be noted that 
the specification of the metal is to be reported and also the . 
weld position, IG, 2G or 5G. Similar forms of certifications 
should contain the same information; namely, weld position, 
material welded, date certified, etc. 

Pages 21 to 25 are from the Code for Pressure Piping regarding 
welder qualification and should be studied closely. 



Flanged Joints 

Flanges used in heating and ventilating piping systems are mostly 
cast iron and forged steel. They are preferred over screwed 
joints in sizes above 2" ips# They are made in the following 
pressure standards: 

Cast iron Steel 

125 lb 150, 300, 400, 600 

250 lb 900, 1500, 2500 lb 

Cast iron flanges are tapped for standard pipe threads (when used 
for steel pipe), and steel flanges are produced for screwed or 
welded connections. Steel welding flanges are furnished for slip- 
on and fillet welded, or with a welding neck which is butt welded. 
The 125 lb cast iron flange has a flat machined face, all others 
have raised faces, A flat face should never be bolted to a 
raised face for fear of breaking the former. The outside diame- 
ters, bolt circle, number of bolts, etc, for a given pipe size 
conform to the ANSI Flange Standards, but reducing flanges can 
be obtained that permit a size reduction from one line to another. 
Attention should be paid to the bolt and nuts specification. 
Bolts with higher tensile strength than commercial steel have 
distinctive markings on the head, as do nuts. 

Solder Fittings and Joints 

The different styles of solder fittings are shown in Fig. 2-13. 
Some are soldered at all connections while others have male or 
female National Pipe thread outlets. The tubiiig end(s) of 
fittings go by the O.D, size of copper tubing, not by nominal 
size. Thus, the nominal size may be 1", but the fitting (and 
tubing) is designated as 1 l/S" 6.D. In Fig. 2-13 the threaded 
ends are designated "I" for internal and "E" for external. The 
bore of the soldered end is held to a small clearance between it 
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® 



4mL 



Couoling 
C toC 



Fitting reducef 
(or bushing) 
F to C 



Adapref^ 
(or coupling) 
C to NPTU 



Adopter 
(or coupling) 
C to NPTE^ 
Ji 



Reducing coupling Eccentric coupling Fitting adopter 
C to C c to C 



Fitting adopter 



(or fitting coupling) (or fitting coupling) 
F to NPTI F to NPT£ 




90^slbow onoctre^ibo- elbow SO'drop eibow 

C to C sTreet eiDOw r tn npti r moti -i-^. 




C TO F 



C to. NPTI C to NPTI drOD ^^^^"^ 
^ C to NPTE 





45* elbow 
C to C 




45''street elbow 45''elbow 
C to F ' c to NPTI 




45''elbow 
C to NPTE 





a! 




!3; 






1® 

(D 



Tee 



Drop tee 



Tee 



Tee 



C ro C to C C to C to NPTI C to C to NPTI drop C to NPTI to C C to C to NPTE 

(2) 



® 



Tee 

C ^4PTE to C 




Return bend 
C to C 



Plug Cap 
.Nora: Reducing fittings are designoted by size in ttie order Q x(Dx<D 

Fig. 2-13 



Table t4« Pressure Ratings of Solder Joints (ASA Bi6J8-l963) 

Maximum working pressure, psi 



Solder 
used \\\ 
joints 


Working 
temperatures, 
F 


i-h-l in,, 
inci,* 


lU-2 in., 
incl.i 


2'/s-4 in., 
inclJ 


5-S in., 
ind.^ 


50-50, 


100 


200 


J75 


150 


135 


lin-iead* 


150 


150 


J 25 


100 


90 




200 


100 


90 


75 


70 




250 


85 


75 


50 


45 


95-5, 


100 


500 


400 


300 


270 


lin-antimony 


150 


400 


350 


275 


250 


200 


300 


250 


200 


180 




250 


200 


175 


150 


135 


Solders melting 


350 


270 


190 


155 


HO 


at or above 












1100 F 













' Standard water tuhc sizes. 

' ASTM B32-60aT Allov Grade 50A. 




Table 2-5 

Fig. 2-13 and Table 2-5 are from 
"Piping Handbook" by Crocker and 
King. Copyright 1967, by McGraw- 
27 Hill, Inc. Used with permission of . 

McGraw-Hill Book Co. 



and the tubing so that the melted solder is drawn into the 
socket by capillary action. Some fittings have a pre-inserted 
ring of silver solder which is melted and flows around the tubing. 

Table 2-5 gives the allowable maximum working pressures at dif- 
ferent temperatures for various pipe sizes for 50-50 solder, 
*95-5 and silver solder. 

Soldering is a Joining process where tube and fitting are bonded 
together by suitable heating (below 800^ P) with a non-ferrous 
filler metal having a melting temperature below those of the base 
metals. The steps of the soldering process are shown in Pig. 2-14 
for solder with low melting points. 

Tin-lead and tin-antimony solders are used for pipiJTg systems in 
heating work. Tin-lead solders come in a variety of tln-to-lead 
proportions but 50^ tin and 50% lead is suitable for joining 
copper tubing.. It is a solid at 361^ P and a liquid at 421^ P. 
Tin-lead solder is unsatisfactory for use under sustained loads 
above 300^ P. Tin {95%) - antimony (5^), known as »»95-5»S has 
higher strength at moderately higher temperatures. This material 
•is a solid at 4520 p and liquid at 464^ P. Silver solder, or 
brazing alloys have the following composition: 



Easy-Plow 4^^ 
Sil-Pos 





u 








(D 






> 


ft 


o 




H 








•H 


o 






CO 


o 


tSJ 




\^ 








45 


15 


16 


24 


15 


80 


0 


5 



O 



H 

(D O 



11250P 

1185*^P 



O 



11450p 



1300^P 



Pig. 2-15 shows the procedures for silver soldering fittings with 
pre-inserted solder, and hand fed solder. Care must be taken to 
prevent overheating of the pipe, fittings and valves. 

Soldering flux is used to remove and exclude oxides and other 
impurities from the Joint. An efficient flux removes tarnish 
films and oxides and prevents reoxidation of the surfaces when 
heated. 



Grooved Pipe Connections (victaulic, and similar) 

This joint type is used for steel and cast iron pipe in which 
grooves are cut in the pipe ends (see Pig. 2-16) and held to- 
gether with a clamp-type coupling that fits into the grooves. A 
U-shaped gasket prevents leakage. The clearances used permit 
some angular displacement and movement due to the expansion and 
contraction. In the case of thin walled pipe, the groove is 
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COPPER WATER TUBE 

Malcmg a Joint with Solder Type Fittings 





Apply a thin, ereti coat oj non- 
corrosire sotdering paste to Jilihijl. 




2. Clean pipe well ivilh steel frool. 
Be sure thai aft traces of oxidation an 
retmred. Parl^ should he hrif^ht copper 
color. 



Slip pipe into fitting until it is 
fi^htlv seated against stop. 




'A. .\pply (f thin, vren coal of any good 
non-eorrosivf sold erinfi_ paste to pipe. 



7. Apply heat. When jln.\ boils, touch 
ed}lt of /It ting trith solder. Feed until 
solder drips frotn jilting. 




















IP 







Chan Jfltinii, tvilli steil fvoo! In 
}nmuT all fracvs of oxidolion. 



K. W ipe joitd with rag. Remove d is 
rotor at ion hv rubbing with stett wotd. 



ALLOY 




CLEARANCE AREA IS FILLED WITH FLUX 
(HANDY FLUX) 




0 



HEAT PIPE AT -A" TO SWELL IT UP 
AND BRING SURFACE IN CONTACT 
WITH INSIDE SURFACE OP FITTING. 
CLEARANCE AREA CLOSES. 




TWO INCH SECTION OF FfTTlNG IS 
HEATED BY WIPING FUME FROM 
"B" TO "A." SECTION STRETCHES, AUOY 
AND REMAINING FLUX FLOW OUT, 



AUOY 




HOLD TORCH OFF THE WORK ALLOWING 
FiniNG TO UNSTRPTCH AND FORCE ALLOY 
TO EDGE OF ?ITTrNG..(fF NO ALLOY SHOWS 
AT EDGE OF FimNG REPEAT PROCcDURt) 




CLEARANCE AREA IS RLLED WITH KUX 
(HANDY FLUX) 



HEAT PIPE AT "A" TO SWELL IT UP 
AND BRING SURFACE IN CONTACT 
WITH INSIDE SURFACE OF HHING. 
CLEARANCE AREA CLOSES. 




FITTING HEATED FROM "B" TO "C" CLEAR- 
ANCE AREA OPENS UP AND ALLOY AP- 
PUED AT EDGE AS FLUX FIOWS OUT. 




HEATING CONHNUEO AT "B," 
CAUSES ALLOY TO PLOW IN. 




ENHRE JOINT HEAFED AT •A"-"8"-"C" 
TO COMPLETE BONO BETWEEN PIPE 
AND HTTING, MAKING SMOOTH FILLET 
AT THc EDGE. 



Pig. 2-15 
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INSTRUCTIOHS FOR BRAZING FITTINGS TO PIPE AND TUBING 

WITH HXI HANDY & HARMAN BRAZING ALLOYS 

For strong, long-lasting, teak-tight, corrosion-resistant, vibration-proof joints on 
! similar and dissimilar metals such as copper, brass, steel, stainless steel, etc. 



BRAZE SAFELY! 



OUSE ADEQUATE VENTILATION 



©DONT OVERHEAT ©AVOID HOT SPOTS 




VENTILATING FAN EXHAUST HOOD 



AIR SUPPLIED 
RESPIRATOR 




KEEP THE TORCH//IN MOTION 




^ Welding and brazing fumes may cause sickness and, in some cases, could prove fatal, If not handled properly. Particular care 
)oi;id be exercised with materials containing cadmium (cadmium plating should be removed), boryflium, tellurium, lead, mer- 
jry, antimony, arsenic, bismuth and their compounds, and fluorides. Vapors from cleaning compounds containing chlorinated 
^drocarbons should not be allowed fn the brazing area. (See USA Standard Z49.1 Safety in Welding and Cutting published 
/ the American Welding Society, 347 E. 47th St., New York, N.Y.). ©Overheating increases the amount of toxic fumes, particu- 
rfy from cadmium. Use HANDY FLUX as temperature indicator (see "HEATING" below). 0 Localized overheating increases 
ming and interferes with good brazing. Apply more heat to the better conducting and the heavier of the sections being joined. 

SIX STEPS TO EFFICIENT BRAZING 



Fig. 1 




Fig. 4 




Fig. 2 




RADIAL CLEARANCE -.002 TO ,005 IN. 

DEPTH OF INSERT *'A" SHOULD BE 
3 TIMES TUBE WALL THICKNESS 
(MINIMUM) GENERALLY MORE FOR 
ALIGNMENT PURPOSES. 



Fig. 3 




SCRIBE LINE 



Fig. 5 




; : s ndy >. T: aPiTi o n ' o . 



1. CUTTING AND FITTING 

a. Cut pipe or tubing to length. Make sure ends are cut 
square* Use of a square-end sawing vise or cutter is 
recommended, Fig. 1. 

b. Remove burrs with a reamer or half-round file. 

c. Try pipe or tubing end in the fitting to be sure it has 
the proper close fit. Clearance should not be more 
than .005'', Fig. 2, except on large piping where 
greater clearances are necessary for ease of 
assembly. 

d. Clearance should be uniform all around. Where nee-- 
essary, round out pipe or tubing with a sizing tool. 

e. On large piping, scribe a line on pipe at a distance 
from the cut end equal to the depth of fitting socket 
plus 1". This line serves as a check to make sure pipe 
is inserted full depth when assembled in the fitting, 
Fig. 3. 

2. CLEANING 

Surfaces to be joined must be free of oil, grease, rust 
or oxides. Clean them as follows: 

a. Practically all fittings have a coating of oil or grease. 
The liberal application of an effective solvent with a 
brush or by dipping of fittings and pipe ends can be 
used. 

b. Subsequently, clean socket of fitting and end of pipe 
thoroughly with emery cloth to remove rust and ox- 
ides, Figs. 4 and 5, and remove residue. Grey cast 
iron fittings require special treatment 'to remove free 
surface graphite and sand inclusions. 

c. Do not handle surfaces after cleaning. 




3. FLUXING 

a. Immediately after cleaning^ apply Handy Flux eveni 
with a brush to each joint surface, Figs. 6 and 7, Wliei 
using Sil-Fos on copper-to^opper joints, Handy Flu 
can be omitted, but brass and bronze must have flu; 
If flux leaves bare spots, metal is dirty and will m 
Join properly. 

b. Avoid leaving flux inside of pipe or fitting. In the cas 
of refrigeration Joints, do not flux the inside of the fit 
ting. Just ffux the pipe back from the end and push 
Into the fitting. On %''and smaller tubing, flux applie 
only to the outside of the joint is often adequate 
Fig. 8. 

Flux fnclusions can be minimized by placing a braz 
ing alloy ring at the bottom of the joint, Fig. 2, so the 
it will flow outward, pushing the flux out ahead of i 
This also insures that a sound joint has been rnadc 
if the alloy appears uniformly at the socket edge^ ^ 

c. Assemble pipe into fitting Immediately after fluxinj 

d. Where possible, revolve fitting once or twice on pip 
to spread flux uniformly. 

e. Make scribe line check. Fig. 3, to see that pipe is ir 
serted full depth in socket. 

f. Brush flux back over entire end of fitting all arouhc 
Fig. 8. This prevents oxidation of the end. 

4. SUPPORTING THE ASSEMBLY 

a. Before brazing, assembly should be carefully aligh|9i 
and adequately supported. Figs. 9 and 10. 

b. Arrange supports so that expansion and contractib 
will not be restricted. 

c. See that no strain is placed on the joints during bra2 
ing and cooling. 

5. HEATING AND FLOWING THE ALLOY 

Whenever possible, the entii'e joint should be braziB 
at once. Use of multiflame heating tips. Fig. 11, arii 
multiple-tipped torches, Fig. 12, help in fast, eye 
heating, particularly with preplaced alloy rings, Fl{ 
13. Do not heat brazing alloy directly. Watch th 
Handy Flux: when it turns clear, the parts are c 
1100°F. 

a. Use a low velocity bulbous flame of sufficient size t 
permit rapid and even heating. The flame should b 
soft enough to wrap Itself around the small diamete 
pipe or fitting, except on ETP copper where a neutr£ 
or slightly oxidizing flame should be used. 

b. Adjust torch for a slightly reducing flame. Fig. 14. 

c. If possible torch should be fitted with a soft coppe 
extension tube about W long, so tip can be bent t 
direct flame where desired when working in|tlgh 
quarters. 
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FITTING 




Rg. 15 




APPLY 
ALLOY 
HERE 



Fig. 16 




APPLY 
ALLOY 
HtRE 



START 

HEATING 

HERE 



d. Start heating pipe or tube about Vz" to V away from 
end of fitting, Fig. 15. Heat evenly all around to get 
uniform expansion of pipe and to carry the heat uni- 
formly to the end inside the fitting. 

e. When flux on pipe adjacent to joint has melted to a 
milky liquid, transfer heat to fitting, Fig. 16. 

f. Sweep flame steadily back and forth from fitting to 
. pipe, keeping it pointed toward pipe, Fig. 16. The ob- 
ject is to bring fitting and pipe up to an equal heat 
together for application of the silver brazing alloy. 
Avoid holding the flame at one location on the fitting 
as this can cause localized overheating. 

g. When flux is a clear, fluid liquid on both fitting and 
pipe, pull flame back a little and apply alloy firmly 
against pipe at junction between pipe and fitting, Fig. 
16. With proper heating, alloy will flow freely into the 
joint. One final pass with the torch at the base of the 
joint and, when possible, rotating the fitting while 
the alloy is molten will help expel entrapped gases 
and flux. 

Making Vertical Down Joints 

a. In joining fittings to W pipe or smaller, the entire 
joint can be brazed in one simultaneous heating op- 
eration as described in the preceding section. 

b. When pipe and fittings are larger than sectional 
heating is necessary. This is done as follows: 

1. — Always start with a preliminary heating of pipe 
and fitting according to section 5d above. Bring pipe 
and fitting to a black heat only. 

2. — After preliminary heating, select a 2" segment 
and bring pipe and fitting to brazing temperature by 
wiping flame from back of, bead of fitting toward pipe, 
Fig. 17. When segment is up to temperature, as indi- 
cated by clear, very fluid state of flux, apply silver 
brazing alloy and sweat it in. 

3. — Then do an adjacent segment and proceed around 
the pipe, being sure to overlap the braze from seg- 
ment to segment. 

Making Vertical Up Joints 

a. Start with preliminary heating of pipe as before. 
When flux is liquid and milky, transfer heat to fitting 
and sweep backand forth from fitting to pipe, Fig. 18. 
Do this all around. Be careful not to overheat pipe 
below fitting as this will cause alloy to run down pipe 
and out of the joint. 

b. When brazing temperature is reached, as indicated 
by flux, touch alloy to joint with heat aimed on wall 
of fitting to pull alloy up into the entire joint area. 

Making Horizontal Joints 

If the entire joint can be made in one operation, 
apply the alloy at the top of the joint, so it can run 
down each side of the tube by capillarity and gravity. 
Apply the torch to the bottom of the fitting to pull the. 
alloy into the joint. Make sure there is alloy showing 
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APPLY 
AILOY 

Htm 




Fig. 19 



FITTING 1 



OVERLAP GRAZE 




OVERLAP BRAZe 




Fig, 20 






Fig. 21 



Fig, 22 




APPROXIMATE AMOXmtS OF SIIVEH AUOY 
FOR BRAZING DIFFEHENT SIZES OF PIPE AND TUBING 



Pip* & Tub« 
Size 


INCHES OF WIRE PER JOtNT 


Easy-Flo alloys for S(eel 
or Bross t.P.S. Fittings 


SiUFos for 
Copp«r & Brost 
NominoJ Fillings 




3/32" W»r« 


.050" % 1/8" x20" 


Va" 


* %" 




3/4" 




1" 






W 


2" 


1" 






V 


V/7" 


2" 


1" 


4'* 


2" 


31/?" 


V/4" 




2V7" 


4" 


^W 




3V2" 


4»/2" 


13/4" 




5W' 


6" 


2" 




6V2" 


8" 


2»/2" 




9W 


12" 


3" 




14Vj" 


16" 


3V2" 




17" 


20" 


4" 




20" 


24" 


5" 




25" 


35" 






34" 


45" 






.46" 


57" 



around the fitting; if the top is void, add more alio] 

The excess will collect at the bottom. 

If the joint is too large to be brazed at one time: 

a. Start by preheating pipe until it shows a black hei 
around its entire circumference. Duplicate this pn 
cedure on fitting. 

b. Now, select a segment on top of pipe and bring it u 
to brazing temperature by sweeping flame bacl( an 
forth between fitting and pipe. Then apply alloy, Fi 
19 (1), after which, remove heat and allow alloy to se 

a Then do one side starting below center, Fig. 19 (2 
Be sure to overlap top segment. 

d. Next do the other side, Fig. 19 (3), again being sur 
to overlap top segment. 

e. When both sides are done there will be a globule 
alloy on each side at the bottom of the brazed se{ 
ment. Fig. 19 (3). Apply heat on bottom of fitting i 
back of bead and with the usual back and forth mc 
tion toward pipe, draw the alloy into the bottom joii 
segment. Do not be fooled by a large fillet along th 
bottom. It may have flowed down over relatively col 
metal. Always heat bottom of fitting to pull this allc 
into the joint. 

f. Finally, again check the top side of the joint to be sur 
the brazing alloy did not drain out. If necessary, n 
heat and touch more alloy to this area to form a sligl 
fillet. 



Joining Vaives 

Valve packings, seats and diaphragms can be dan 
aged by excessive heat. Packings may have to be r< 
moved or water*cooled during brazing. Seats can b 
protected by suspension inside the valve, Fig. 2i 
by closing valve Va turn from fully open, and min 
mizing the heating time. Follow any of the above pn 
cedures but point the flame away from the valve boc 
and use a low-melting and free-flowing brazing allc 
such as Easy-Flo 45. Apply a wet rag or swab to th 
valve body immediately after the alloy sets. Fig. 2 

6. CLEANING AFTER BRAZING 

a. Immediately after brazing alloy has set, apply a w( 
brush or swab to joint, Fig. 22, to crack and wash o 
flux. Flux can be removed from inside of pipes 
flushing with water, preferably hot. All flux must b 
removed for inspection and pressure testing. Use 
wire brush if necessary. 



WARRANTY CLAUSE: 

Handy & Harman believes Ihe information contained herein 
to be refiable. However, the technical information is given by 
Handy & Harman without charge and the user shall employ 
such Information at its own discretion and risk, and Handy 
& Harman assumes no responsibility for results obtained or 
damages Incurred from the use of such information in whole 
or in part. 
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ctaulic 



The Victaulic method of joining grooved pipe is the 
most versatile piping method available. It is five 'dmes 
faster than welding; easier and more reliable than 
threaded or flanged methods. Assures long life, leak 
tight security and lower Installed cost than competitive 
methods. 

The Victaulic method has the versatility of a piping sys- 
tem which provides expansion, flexibility and vibration 
reduction with a union at each joint. Victaulic can be 
applied to black or galvanized steel, stainless, alumi- 
. num, wrought iron, plastic — almost any pipe of IPS 
dimensions, A single coupling size fits most types and 
wall thickness of. pipe in its size. (And Victaulic has 
couplings for cast iron sizes, too.) 

The Victaulic grooved piping line is the most complete 
available. With a variety of couplings in through 30" 
sizes. A complete line of fittings. Butterfly valves. Plus 
the unique Vic-Flange, Outlet Couplings and other prod- 
ucts available only from Victaulic. Portable groovers 
for on-site grooving. A nation wide stocking distributor 
organization, backed by eight Victaulic warehouses 
across the country. 

The Victaulic method is simple yet effective. Based on 
a groove machined in the pipe end, the system is joined 
by ductile or malleable iron housings which lock into 
the grooves enclosing a synthetic gasket to create 
the seal, 

1 — HOUSING — ^The housing segments are precisely 
cast of ductile or malleable iron. The housing key 
engages the grooves in the pipe around the entire 
circumference securely joining the pipes. 

2 — GASKET — ^The gasket is designed to seal under 
pressure or vacuum. Molded of varied synthetic 
elastomers, the gasket is designed to provide long 
life for the intended service. 



THE METHOD . . . The unique design features of the 
Victaulic grooved piping method offer many advantages 
not available with other methods. Victaulic offers the 
versatility of a wide variety of coupling styles and sizes 



GROOVED 

PIPING 

METHOD 




3— BOLTS/NUTS— The steel oval neck track bolts seat 
in the housing slots permitting assembly with a 
single wrench, 

4 — GROOVE — The groove permits joining of the pipes 
together without clamping. This provides the con- 
trolled flexlbifity and permits rapid assembly. Pipe 
is available from mills or distributors grooved for 
Victaulic couplings. A complete line of portable 
tools adds versatility for easy on-site grooving, 



plus a complete line of fittings, grooving tools and ac- 
cessories. Quality and reliability are assured by more 
than 45 years of experience in grooved pipe joining. 





Fast, simple 
assembly 



A permanent 
joint 



Expansion and 
contraction allowance 



Union 
at each joint 



Easy 
alignment 



Fig. 2-16 



Working pressures listed are based on hydrostatic tests with no externa! load using standard weight steel 
pipe through 20-Inch (XS above 20-inch), square cut grooved to Victaulic standard specifications. 

Field test pressures shall not exceed 1 times rated the working pressure Including externa! loads, 

^ "^0 assure the maximum life for a particular service, refer to Victaulic Gasket Selection Guide and always 
gj^^" specify gasket grade when ordering. 



rolled into the metal. Grooved fittings as shown are used to 
complete the system, which is used for chilled water and con- 
densing water piping in heating and ventilating work. 



Compression^ sleeve Couplings (Dresser) 

This joint forms a water tight connection between two plain ended 
pieces of pipe by clamping two rubber gaskets around each piece. 
There is no provision to keep the pipe ends together, therefore 
thrust blocks, anchors or other restraints must be used to keep 
the joint from pulling apart. (Fig. 2-16) 

Installation of Piping 

Good piping systems don't just happen - - they are planned* The 
piping drawings usually show a schematic arrangement indicating 
the general location of the various lines, but it is usually the 
job of the contractor's layout man to locate them to miss duct 
work, lighting fixtures and structural obstacles with the minimum 
amount of labor and fittings. 

The following pointers are some of the things that make a good 
piping system: 

1. General Arrangement: 

Pipes to be installed parallel to walls, arranged to present 
a neat appearance as to grouping and workmanship. 

No interference of piping with light fixtures, passing over 
access openings, or blocking passageways. 

Sufficient distance between pipes to allow proper installation 
of insulation and painting. 

Pipes installed high enough above passageways to allov/ 6 '-9" 
clear headroom. 

Pressure gages and thermometers installed for easy visibility 
from the working level. 

Sufficient unions or flanges installed to permit disassembly 
of piping for access to equipment. 

2. Pipe Support Systems. 

A hanger should be placed, v/ithin 1 foot of the elbow where 
there is a change of direction in either the horizontal or 
vertical plane. 

Hangers should be placed near the connections to equipment 
such as pump, compressors, etc. -so that no weight is trans- 
mitted to the equipment • A hanger should be placed close to 
a union especially if it is next to a heavy valve. 
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Hangers which support moving pipe should have a hinged Joint 
at the point of support from the building, otherwise the rod 
will fatigue and fail. 

Piping subject to surges, water hammer> or pump action require 
braces at changes of direction. 

The following is a good schedule for hanger spacing: 



Type of Pipe 



3/4" Size 
or Smaller 



1" Thru 
1.1/4 " Size 



1-1/2" Size 
or Larger 



•!;-Steel Pipe 8«-0" 

Copper Tubing 5'-0" 

IPS Brass Pipe 8'-0" 

Plastic (PVC) 3»-0" 

Plastic 12 Times 

(Polyethylene) Pipe O.D, 



10 '-0" 

8'-0" 

B'-O" 

5'-0" 

8 Times 
Pipe O.D. 



-:wlO»-0» 

10»-0" 

10 '-0" 

7 '-0" 

8 Times 
Pipe O.D. 



Hangers for steel gas lines shall be spaced on centers 
of 6'-0" for 1/2" sizes, 8'-0" for 3/4" and 1" sizes 
and 10' -0" for all other larger sizes. 

■5KJ- Spacing may be 16'-0" for sizes 6" and larger (steel 
pipe only). 

Where compression type joints are used, similar to the Dresser 
coupling, or O -ring joints, thrust anchors must be used at 
changes of directions. For buried lines, the size of the thrust 
block depends on the bearing strength of the soil, the pipe 
diameter, the angle of direction change and the pressure in the 
pipe. The load on the anchor is found as follows: 

Load s internal pressure x Internal area of pipe x fitting 
factor. 



'iVhere load - lbs 

Internal pressure s lb per sq in. 
Internal area - square inches 
Fitting factor: 

90O ell s 1.41 

Caps, plugs, tees = 1.00 

45° ell - 0.77 
22^-0 ell - o«39 
llio ell a 0.20 
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The following bearing loads are for horizontal thrusts when the 
depth of cover over the pipe is 2 feet or greater: 



Mucky peaty etc. 



0 lb per sq ft. 



Soft clay 



1,000 lb per sq ft. 



Sand 



2,000 lb per sq ft. 



Sand and gravel 



3,000 lb per sq ft. 



Sand and gravel with clay 



4,000 lb per sq ft. 



Hard shale 



10,000 lb per sq ft. 



The anchor block of concrete must be poured up against undisturbed 
earth, with no form lumber between the two; the bearing area 
equal to or greater than the amount calculated from the above for- 
mulas. See Fig. 2-17 for typical thrust block arrangements. 

Allowance must be made for the expansion and contraction of pipe 
subject to temperature change. Expansion can be provided for by 
means of "U bends" or offsets fabricated from pipe and welding 
elbows, by packed slip joints, corrugated bellows, and ball 
joints. Expansion bends do not require any maintenance but may 
require more room than is available. Guides are needed to re- 
strain the pipe movement along its axis and to keep the pipe from 
raising off its supports. The slip joint requires some mainte- 
nance and needs guides, as does the bellows type# 

Expansion loops are fabricated from welding fittings and pipe in 
U shapes (where space permits) for high temperature steam and water. 
They require anchors and guides to restrain the pipe and keep it 
from raising or moving sideways off the supports. 

Fig. 2-19 shows corrugated bellows; (a) the restrained type for 
high pressures and (b ) suitable for 30 psi. Fig. 2-19 is a 
typical layout using bellows showing guide and anchor arrangements. 
This joint cannot be subjected to lateral offset and the pipe must 
be guided squarely into the joint. Figs. 2-21 and 2-22 show a 
packed slip joint, anchor and guide layouts for a typical arrange- 
ment. Fig. 2-24 is an expansion U bend, and an offset constructed 
of pipe and v/elded fittings v/ith the recommended guide locations. 
"Coid springing" an expansion loop is done to get more flexure 
from the loop. It can be seen that by spreading the legs apart 
(before connecting the pipe) an amount equal to l/2 the expected 
thermal expansion, the expanded pipe will close the loop together 
only 1/2 of what it would without cold spring. This permits the 
use of smaller loops for a given expansion. It is very important 
that the loop be cold sprung to the figure shown on the design 
drawings, otherwise the pipe v/ill be over stressed. 

See Appendix Table A-4 & Pig. 2-20 for expansion of piping, and 
copper expansion loops. 
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Thrusf Blocks at Fitfings 



LOCATION OF THRUST BLOCKS 

The location of thrust blocks depends on direction of 
thru<;t and type of fitting as shown below. 



............ 













•AVI 




. *0: ■'■ 



If ihrusYs due to high prcssurci arc Af verlica) bends/ anchor fo resist 
cxpcclcd, anchor valves os cbovc outward thrusts-^sce page 65. 
h^e a!so poge 67), 

Pig. 2-17 

Courtesy, Johns -Manvi lie Transite 
Pipe Division 



«t1» NUT] 





Wfth Standard flongti 



With Welding Ends 



Fir,* 2-18 (b) 
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Typical Installation 



C 0 R R U GATS D 
EIPANSION JOINTS 



Exompb of Joint Saloclion. 




A is Main Anchor 

B is Intermediate Anchor 

C is Guide 



EXPANSION CALCULATIONS 
iXAMPLE; 

DATA— Pressure 75 P.S.I. 

Pipe Size— 8 in. Steel Pipe 
Length of Pipe-— 175 Feet 
Temperature (Operating) 340°F. 
Temperature (Installed) 60^F. 



EXPANSION TO BE CARED FOR: 

Maximum Tempierature 340^F. — Expansion per 100 Ft. 2.862*' 
Installed Temperature 60'^F. — Expansion per 100 Ft. .593' 



2.269' 



175' 

2.269*^ X — = 3.97* Total Expansion 
100 

For this installation use ControUed-Flexing Joint with Traverse. 



C PRESSURE REDUCING 
VALVE 75 TO 25 PSI 

2'1 — 



MAIN ANCHOR 
(A) 



INTERMEDIATE 
ANCHOR 
(B) 



ME 



175' -0* 



SELECT JOINT WITH 4-^' TRAVERSE 




2' 



/ 



Pig. 2-19 



In order to insure the proper functioning of corrugated expansion 
joints It is highly important that all pipe lines in which expansion 
joints are located he suitably anchored, guided and supported. 
Proper anchorin|, guiding and supporting will insure a con- 
trolled motion of the expansion joint and pipe line, frei^ from 
lateral stresses. 

Whenever possible, the expansion joint should be located near 
the anchor point, prefer anly within two feet of the anchor. 
(Note mttm anchors at points '^A'^ in diagram.) When it is neces- 
sary to install the joint midway between anchors, or at another 
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point, suitable guides should be provided within two feet of 
each end of the expansion joint to prevent lateral or buckling 
force on the joint. (Note intermediate anchors ''B" in diagram.; 

Where two or more joints are required in a straight run of pipe, 
place intermediate anchors between them. This insures that each 
expansion joint will properly absorb its rated share of the total 
motion involved. (Note intermediate anchors "B" in diagram.) 

An expansion joint should be installed with each directional 
change of the pipe line unless designed for combination motions. 



(Flexon Co. ) 



SfiTURATED STcAM PRESSURE 

VMUUM-MCHES MCRCURT GAS^ PRESSURe- POUNDS PER SQUARE INCH 

2S tt 20 10 0 10 2S 50 75 lOO ISO 200 300 400 600 800 1000 




EXPANSION OF STEEL PIPE 



""' ' '' I iii.ll..il....li...l....ln.H,.i.l... I I I 

ISO 200 2S0 300 350 400 490 900 990 600 690 TOO 



TEMPERATURE RANGE IN DEGREES FAHRENHEIT 



Pig. 2-20 



CYLINDER 
PLASTIC PACKING 
LIMIT STOP \ SEALING PACKING v / 



PLUNGER 
GLAND 

SEALING PACKING 






Fig. 2-21 
41 



Yarway Co. 



140' 

ANCHORED 
SINGLE-END 
JOINT 



GUIDES 



22D'- 



GUIDES^ 

+ . ^UNANCHORED 
KjT SINGLE-END 
IC JOINT 
o_ 




ANCHORED ELBOW 



GUIDES 



o o o — 

ANCHORED ELBOW 



210' 



ANCHORED 
SINGLE-END 
JOINT 



ANCHORED 
DOUBLE-END 
JOINT 



GUIDES 



GUIDES 

E 



ANCHORED ELBOW 



Yarway Co. 

Pig. 2-22 

RECOMMENDED SPACING FOR GUIDES AND SUPPORTS (Dlniftmlom In feet) 



Nomlnol pipe tlzat (Inchat) 




114 


2 


214 


3 


314 


4 


5 


6 


a 


10 


12 


14 


16 


18 


20 


24 


DItfance befwaan folnt and 
firff allgnmant Biilda 




8 


10 


11 


12 


13 


14 


15 


16 


18 


20 


21 


22 


23 


24 


25 


26 


DIffanca batwaen 


1 50 psi 


12 


16 


22 


28 


30 


34 


42 


51 


65 


82 


94 


96 


107 


116 


125 


141 


dUgnmanf giildat 


300 psi 


12 


14 


18 


22 


26 


29 


36 


42 


53 


66 


75 


76 


84 


90 


96 


107 


Maximum dlttonca batwaan 
pipe tupportft 




8 


10 


11 


12 


13 


14 


15 


16 


18 


20 


21 


22 


23 


24 


25 


26 



■ A'NCf-:ni2. : 
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- — X~ 



GUIDE -rvncAL I 



T 



//or 



POS/T/ON 



Yarwaj' Co. 

E)CP'AN':'!nN 'I &END 



2 COLD 5PRt.r^,<^ 



POSITION 

I 

"cold sSPPl/N^^" 



POSITION 

X- — 4- — y- 



O 



/£ TO M P/r£' 



Fig. 2-24 
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Provision should be made for venting air from a system v/hich will 
be hydrostatically tested and also for completely draining it 
afterwards. Sufficient drains are also needed to completely flush 
the lines during the cleaning operation. 

Pipe and fittings should be inspected for obstructions such as 
shipping material, rags, construction dirt, etc, prior to closing 
up, and temporarily capped up when hung in place. "Vater should 
not be allowed to stand in open piping. 

':Vhen pipes pass tlTPOUgh floors and walls of buildings there 
should be a' clear space left around the pipe sufficiently large 
for movement caused by expansion of the pipe and movement of the 
building from settlings or* earthquakes. Never grout around a pipe. 

Special provision must be made for underground piping passing 
through subgrade walls to seal off ground water from entering 
around the pipe opening, without sacrificing flexibility between . 
the pipe and wall. 

Piping systems should be tested hydrostatically, the exception 
being refrigeration piping. The system must be completely filled 
with water, and completely rid of air. The test pressure is then 
applied with a positive displacement (plunger) pump, hand or motor 
driven, '^en the test pressure has been reached, the pump should 
be valved off or disconnected, and the gage observed during the 
test period. A minute leak will cause a large pressure reduction, 
which is the advantage of the hydrostatic over an air pressxare 
test. If the line is subject to temperature changes, the amount 
of water bled off and then added to keep the pressure at the pre- 
scribed level during a 84-hour test period should be recorded and 
the net leakage determined, if any. ?/elds should be cai-^efully 
inspected during the test for weeps, and repaired as required. 



Pipe Gleaning 

Some specifications contain requirements for. cleaning the piping 
as follows: "Drain and flush piping to rsmove grease and foreign 
matter. Blow out oil, air, vacuum and gas pipiiTg with compressed 
air". To effectively move debris thro\igh a pipe by flushing or 
blowing requires a large volujne of v/^-'v^r a-i'', and gcaerously 
sized drain or blowoff s at all the lo'v points to get rid of the 
dirt. The results are usually lees than satisfactory. 

Most construction dirt can be kopt cut of pipe by storing it on 
cribs above the ground and keepin;;;; it coveveci. Larger pipes should 
be swabbed out free of vjoldin::/ ^lag ac Ihe fabrication proceeds. 
The rust, scale and oils that adhere to the inside of t]\e riro aro 
best removed b • chernic:-:! c.loenlnj W'lich :*.s n:jit]ior e:-:r'.3n£ivo 
difficult. Trlsodium Phosrh<at^ T-SP) niixed on-i pound for each 
fifty gallons of '/r.to..' In tho f:tei;i, ano. h^'^Mted to the operating 
temperature is a good cloarior. Thi, r: it c:i I'cv.'iatod i'cr fov; hours, 
then completely drained, and t]y) i::/st::.:; :'>5rilled v.l Lli clean water 
(if a hot or cViilloci •:jotev s7/st'3i.i). Cornnercial ripa cleaning firms 
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arc also available tp perforn thin service. 



Valve by pes 

The iriorc cOiimion valvo tyres and .r "^'.iie deti-.il.s of thoir Cv.;ni:trijc ticn 
• are clio\;ii; 



RISING STEM- 
(INSIDE SCREW) 



SCREWED 

THREADED BONNET 



NARROW SEAT DISC 
(CONVENTIONAL) 




HANDWHEEL 

(RISES WITH STEM) 



v^PACKING NUT 
^ WITHOUT GLAND 



SCREWED 
ENDS 



FLOW 



This anglo vclve has 'J. vlsinr; 
stem and threaded bonrjiet, as 
noted. Angle valves can be 
used for throttling (adjusting) 
the flow "vithout seal damage. 



Pi;;^. ^-^5 Anjle Valve 



HANDWHEEL 
(AiSES WITH 9TCMI 



PACKING NUT 
WITH GLAND 



SCREWED UNION 
RTNG BONNET 



FLOW 



RISING STEM 

{INSIDE SCREW) 




PLUG TYPE DISC 



SCREWED 



ENDS 



: J. ve 



The (ilobe valv? sho\7n has a 
rising;; ztein, aiid a screwed union 
bonnet, 'v^iich i:: a more rugged 
corn; tr'icti on than tVi d thr e^ded 
bonnet. It is easier to dis- 
assorblc. A vli:;-; tyre disc iL* 
2]\o\\n, ■'hlo\'i I'jivor- It jood 
tlirotLliiL] Ci\avLictei»u ^lics, and 
allo-vr: ti::iU/ :.-hjit:-orr. 
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Figs. 2-25 to 2-31 Courtesy 
of Crane Co. 



RISING STEM 
{OUTSIDE SCREW 
AND YOKE) 



BOLTED 
GLAND 



SOLID WEDGE 
DISC 



FLOVt/ 




HANDWHEEL 
( DOES NOT RISE 
WITH STEM) 



-BOLTED 
BONNET 



FLANGED 



■-i \y- r-LAN 
'^'[j ENDS 



Pig. 2-J^7 Gate Valve 
Rising Stem 



The gate valve of Pig. 2-27 has 
a rising stem (but fixed hand- 
wheel) and a bolted bonnet, and 
is also called on outside screw 
and yoke (OSY)» It requires more 
room because of the emergent stem, 
the threads of which are not in 
contact with the fluid. The 
position of the stem indicates 
v/hether the valve is open or 
closed. Tlie disc is a solid 
v/edge. All gate valves must be 
full open or full closed. 




Pig. 2-2 3 Gate Valve 
ITon-rising stem 



This gate valve has a non-rising 
stem and handwheol. The screw 
is inside the bolted bonnet. The 
disc is a solid wedge. Solid 
v/edges are the most common type 
of gate Waives, but are subject 
to sticking v/here there is a 
change of temperatuf'e . 
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BOLTED GLAND 



BOLTED BONNET - 




This style of gate valve (non- 
rising stem) has a double disc 
seat and utilizes an internal 
wedge to force the double discs 
against the seat. This valve is 
less likely to stick because of 
a temperature change. 



Fig, 2-29 

Double Disc Parallel Seat 
(Gate Valve) 




FLOW c=> 



COMPOSITION 
DISC 



Check valves pe37mit flow in one 
direction only. The swing check 
can be installed vertically cr 
horizontally. 



Fig. 2-30 

Swing Check Valve 



FLOW C=i 




SCREWED UNION 
RINQ BONNET 



COMPOSITION DISC 



SCREWED END 



The lift check can be installed 
in a horizontal position only. 
Its composition seat mil make 
a tight shut-off. 



Fig, 2-31 

Lift Chsck Valve 
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• stem 




Body 



PRBSSURE^TEMPERATURE RATIIMC35 



SERVICE 


BL^SOl BUNA'N 




WATER 
OIL OR 
GAS 


400 psig @ loo^r 
300 psig® 125<»F 
200 psig @ ISO^F 
100 psig (?? 220OF 


400 psig (&) lOO^F 
300 psig @ 2009F 
250 psigO 30C«F 
200 psig @ 400»F 


STEAM 




150 psig ~ Saturated Steam 



Ball valve in closed position. 



NOTE: BL'30l with Buna N trim is Underwriters Laboratories ap- 
proved for use on Liquefied Petroleum Gas at maximum pressure 
of 250 psig. 

TESTS 

Hydrostatic Shell — 600 Lbs. psig 
Air under Water — 250 Lbs. psig 




MATSniAUS 

r BODY. Forged brass. ASTM B 283. 
e. CAP. Forged brass. ASTM B 283. 
3. SEAT. BL-301: Buna-N, brass insert. 

BL-301TF: Teflon, 
-a. STEM. NavaJ brass. ASTM B21 Alloy C. 
$. BALL. »/♦" thru 1": Naval brass. ASTM B 21 Alloy C. 

1 »/«" thru 2": Forged brass ASTM B 283. 

6. HANDLE. Carbon steel, cadmium plated. 

7. GRIP^ BL-301: Black vinyL 

BL-301TF: White vinyl. 
B. SCREW* Carbon steel, cadmium plated. 
9. 0>RINa BL-301: Buna-N. 

Bt-301TF: Vilon rubber Teflon. 

1CXO-RING. BL-301: Buna-N. 

BL'301TF: Teflon. 
11. SHAKEPROOF NUT: Carbon steel, cadmium plated. 



R-P-C Valve Co. 

Pig, 2-32, Ball valves turn from full closed to full open in 
one-quarter turn and can be used for steam and water service* 
The valve stems are sealed with 0-rings. 
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Fig. 2-32A 

Butterfly valves are used 
for tight shut off and 
throttling liquids and 
gases. The disc seats 
against a Buna-K boot for 
tight closure, Th^) valv«^ 
is' locked in various rosi- 
tion3 by meant'; of a ratchet 
at: sho'.vn, ■ jear operators 
ar^: u:^od for tho larger 
sizes. Discs and liners aire 
available in many different 
materials and should be 
checked against the specifi- 
cations, 

Centerllne Co. 



Valves are usually basically rated in terms of allowable steam 
pressure, as 125, 150, 200, 300, etc, but also carry a rating 
for Om (oil, water, gas, non-shock) of much higher pressures. 
Thus, a certain 125 lb valve is good for 125 lb steam and 200 lb 
IVOG, etc. The pressure ratings are cast on the body. 



Bibliography 

Footnote 1. Extracted from the ASME Boiler and Pressure Vessel 
Code (Section IX), with the permission of the publisher. The 
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Footnote 2. Extracted from the ANSI Standard Code for Pressure 
Piping, Power Pipirig, ANSIB 31,1.0 with the permission of the 
publisher. The American Society of Mechanical Engineers. 
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3* PIPING SYSTEMS 



This section v/ill deal with good piping practices to be observed 
for the various types of systems used in air conditioning, heating 
and ventilating plants,. 

Steam and Condensate Reti.irns 

The steam -oroduced by steam lieating boilers is. usually at the 
saturation' temperature of the boiler preswsure (no superheat) and 
starts to form condensato as soon as it leaves the boiler outlet. 
The steam mains and branches must be graded "downhill" to pockets 
or "drip legs" where 1:he condensed steain passes through a steam 
trap and flo\7S tlirough a drain collecting system and eventually 
back to the boiler, ^The stes::\ travels at a high velocity and 
sweeps the condensate along with it. If tho lino is net properly 
graded and kept free of condensate the steain v.lll pick it up and 
throw it against the end of the main v/ith a tremendous force. The 
main, and any steajn line in which the condensate travels the same 
direction of the steam, should pitch down l/s" per foot if practi- 
cable. The exception to the above is branch connections to heaters 
(Pig.- 3-l-(e)) where the steain flows upwards and th^ condensate 
flows counter-currently back to the main. In this case the branch 
is pitched up 1" in 10*^ and made one size lai^ger- than the i-i ser it 
services. Steam branches should always bo taken off the top of 
the main, either 90^ or 45^. 

In connecting a steain supply to a temperature control or similar 
open-closed device the pii^ing should be arranged so as to prevent 
an accujnulation of condensate against the closed valve. (Fig. 3-2) 

The condensate build-up ;vill dajnago the seat of the temporatu.re 
control valve in time and also cause, erosion of the heat exchange 
coils or tubes. The "wrong" method could be corrected by install- 
ing a steam trap ahead of th(-^ control valve. 

Drip legs (also called dirt legs) should he the fiill Hue size and* 
long enough to keep the line woll drained. 

Steam traps are automatic devices that discliarge condensate from 
a steam filled space but prevent the steam from leaving. The gen- 
eral types are float, bucket, and thermostatic in lieating applica- 
tions. The float and bucket types are opened and closed by the 
condensate level in the body. The themostatic type is opened and 
closed by the temperature of che steam (or condensate) acting on 
the heat actuated element. Tlio capacity of a trap is rated in 
pounds '^f hour of condensate discharged^ (Refer to Appendix 
page A-5 for trap descriptions and operation) 

The capacity is determined b;* the size of the discharge orifice 
and the pressure differential available to force the water through 
the orifice. For example, a bucket trap used to drain a 125 psi 
steam and discharging into a gravity condensate retui*n system will 
have over a 100 psi differential pressure and requires a small 
orifice. On the other hand, the steam pressure inside a heat 
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I 

In 



RETURM MAIN 



} Ce) 



VACUUM RETUBN 



VACUUM 
RETURN MAIN 

(a.) STEAM COb-iNECT\OU 



IIPT FITTIM6 




(b) STEAM CONNECTION 




(C) MOTOR CHILUEP WATEP. 



M) COMPENSATE RETURN 



5L0PE: 
f" IM to f T 




^ STEAM 
CONDENSATE 

(e) COUNTER- 
CURRENT 
FLOW 



MODULATING 
VALVE 



Fig. 3-1 



MO OU LATINS 
VALVE 





STEAM COIL 
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exchanger may be 3 or 4 psi, or even a vacuum at times due to the 
condensing effect of the steam, and requires a large orlficed 
trap* If condensate Is allowed to collect inside the shell of a 
heat exchanger, the energy given up by incoming steam as it con- 
denses on the water surface will rupture. the tubes in time, ^Por 
this reason it is mandatory that steam traps be generously sized^ 
to allow discharge of the condensate, and that the discharge piping 
always be lower than the lowest point of the heat exchange appara- 
tus. The discharge piping must never rise above the drain outlet. 
The condensate flows through the "return" system to a condensate 
retiirn receiver and is pumped back into the boiler feed system. 
High pressure and low pressure returns (from high and low pressure 
steam lines) should be run separately to the condensate receiver 
or considerable water hammer and pipe movement and possibly pipe 
failure will result. 

Vacuum systems have a pump that maintains a vacuum in the return 
line and returns condensate to the boiler. Lift fittings are used 
to elevate the condensate as shown in Fig. 3-1 (e). Lift fittings 
will operate under a vacuum only. 

Hot water Supply and Return 

There are three general types of hot water heating pipiiTg systems; 
the one pipe, the 2 pipe direct, and the 2 pipe reverse return 
(Pig. 3-3). The one pipe has a single main which is the same size 
throughout and handles the supply and return to and from each 
heater. A special fitting is used to divert a certain amount of 
water to each heating unit. In the two pipe direct system, a loop 
is formed by the supply and return lines, the return from each 
unit- returning directly to the boiler by the most direct route. 
It can be seen that the first unit nearest the boiler has^a greater 
pressure difference between its supply and return connections than 
the one at the end of the loop, which make it difficult to obtain 
an equal flow of water through all heaters. This is overcome by 
the two pipe reversed arrangement which takes more pipe but is 
practically self -balancing. 

The trapping and elimination of unwanted air in a hot water system 
is necessary for the system to operate properly. Air will collect 
at the high points of piping and heating coils and prevent flow of 
water and heat transfer. Theoretically, a hot water system is- 
closed and completely full of water. However, air does enter with 
make up water, through automatic air vents (if used) and around 
pump packed glands. Some of the methods and special fittings to 
eliminate air problems are listed below. 

Pipe is graded upwards in the direction of flow at the rate of 
l/4" - 10 feet" to high point and released by means of manually 
operated bleed off valves. Any reducers used are eccentric, 
with the flat side on top. 

Manual vents are used instead of automatic (ball float operated) 
vents, as the latter will open and admit air if. the water level 
should fall. 

Air collecting fittings are used on the outlets of boilers and in 
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the hot v/ator discharge piping from heat exchangers (Pig. 3-»4). 
The air outlets are piped directly from the air collecting devices 
to the expansion tank, and any horizontal sections are graded up 
not less than 1" in 5 feet. (Pig. 3-7) An "Airtrol" fitting, or 
equal, is installed in tha bottom of the expansion tank. The air 
breather tube permits the tank to be quickly drained periodically, 
which is necessary to replenish the air cushion. The air in an 
expansion tank is gradually absorbed by the v/ater and the tank is 
recharged by completely emptyiiig it and refilling. The pressure 
reducing valve should supply enough pressure to fill the system 
to the highest point plus a fe;v pounds extra. Any pressure 
higher than this requirement v/ill reduce' the capacity of the ex- 
pansion tank unnecessarily. In order to be able to drain the tank 
it will have to be isolated from the rest of the system v/ith a 
shut-off valve viiich preferably should be a rising stem type 
locked open diu^ing normal operation. Also note in Pig. 3-7 that 
the make-up water connection is connected into the side of the 
vertical riser to the expansion tank, as the pressure at this 
point is not affected by the pump. 

Chilled '^ater Systems 

The same general remarks and precautions discussed above also 
apply to chilled water siapply and retiirn systems. 
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TYPICAL AIRTROL BOILER FITTING INSTALLATION DETAILS 



To B&G System Pump 



When necessary, reduce 
at this point 




Use full size close nipple 



To B&G Compression 
Tank and Airtrol Tank 
Fitting 
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To B&G System Pump 



When necessary, reduce 
at this point 



I Use full size close nipple 



I w Push down dip-tube as 
j ^ far 33 possible 

I , 



Pig. 3-4 
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Courtesy, ITT-Bell 
and^ Gossett Co . 



CHAPTER 6 
AIR SEPARATORS 



BOILER DIP TUBES 

The most common and often one of the most effeo 
tiye air separators available to design engineers is the 
conventional hot water heating boiler. In boilers hav- 
ing large internal water passages, water velocity is 
usually quite low and free air released in heating can 
readily rise to a convenient high point. From this col- 
lecting point, air can th^n rise into the compression 
unk. To prevent free air collected at the top of the 
boiler from being circulated out into the system and 



into the radiation, boiler dip tubes, either top outlet 
or side outlet, are available. Some boiler manufac- 
turers furnish these dip tubes as standard equipment. 
B&G offers a complete line of boiler dip tubes for 
practically all sizes and style of boilers. Figure 14 
illustrates some typical piping arrangements where dip 
tubes can be installed in boilers to create an air sepa- 
rating point. Boiler dip tubes should always be in- 
stalled so that the dip tube is pushed into the boiler 
as far as possible, well below the top of a top outlet 
boiler or well into a side outlet boiler. 



TANK 



TO SYSTEM 

A 



TO SYSTEM 



TANK 



1 1 



FROM SYSTEM 

T 



BOILER Dtp TUBeS RDR 
TOP OUTLET boilers: 



FKOM SYSTEM 



TO SYSTEM 
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TO nmp uicnoN 



TO COMPRESSION TANK 



FWOM KMII 

CHtiUft Oft coNvnrod 




NWOtATB irm AIR 

COUKTOft XVU 



TO AIITWOl TANK PITTINO 



cHfun oil coMvnrot 




STm STRAINU 




OPTIONAL 
DRAIN VALVE 
CONNEatON 




( a ) In-line Air Separator. 



' ItOWOOWN CONNIcnON 

(b) Rolairtrol air separator with removeable sys- 



tem strainer. 



lAF AIR SEPARATORS 

Often, however, a boiler is not available or useable 
as the point of air separation. Another low velocity 
area must be provided in the system as the air separat- 
ing point. 

Figure a illustrates an effective low velocity air 
separating tank which is equipped with a dip tube to 
create a reversal of flow. Tests have shown that water 
velocity must be reduced to at least six inches per 
second for effective separation of free air from a pip- 
ing circuit. However, a straight-through tank for air 
separation, even though sized for low water velocity, 
is apt to develop short circuiting channels or water 
streams where air bubbles will remain entrained. The 
vertical distance and velocity of water travel in a 
separator is directly related to the percentage of free 
air that will be separated. The dip tube air separator 
(BScG lAF model) also serves as an effective settling 
point for sediment and other debris common to new 
piping systems. 



ROLAIRTROL AIR SEPARATORS 

Another effective air separator now available (the 
B&G Rolairtrol) utilizes a different principle for sepa- 
ration rather than low velocity alone. (See Fig. b) 
Inlet and outlet openings on the Rolairtrol are in* 
stalled tangentially. Circulation through the Rolair- 
trol creates a vortex or whirlpool in the center where 
entrained air, being lighter, can collect and rise into 
a compression tank installed above. Instead of relying 
entirely on low velocity separation, the action of cen- 
trifugal force sends heavier air-free water to the outer 
portion of the tank, allowing lighter air-water mixture 
to move into the lower velocity center. An air col- 
lecting screen located in the vortex aids in developing 
a low velocity area in the center where air can collect. 
The Rolairtrol offers the advantage of achieving effi- 
cient separation in a much smaller size of Hank. 



Courtesy, ITT-Bell and Gossett Co, 
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Courtesy, ITT-Bell and 
Gossett Co. 



19. Restrainer bolts are Installed on flexible connectors to 
prevent them from blowing apart when pressurized. 

20. Hangers are adjusted for equal load. Clevis hangers bolted 
to hanger rod ;7ith two nuts; above and below upper strap. 

21. Steam strainers blow off to a safe" place. 

22. Strainer baskets can be withdrawn without interference. 

23. Strainer blow off vqIvg same size as connection on strainer 
body. 

24. Relief valves discharge to a safe place, and drained in the 
case of a vertical riser so v;ater v/ill not collect against 
the top of the seat. 

25. .Vents from natural gas pressure regulators arc piped to a 

safe place (to a vented firebox, or to atmosphere). 

26. Shut-off valves located for easy accessability • 

27. Gas shut-off valve located outside the building. 
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4. AIR MOVERS 



Air movers, popularly called "fans", are the workhorses of venti- 
lating systems* They come in a great variety of shapes and sizes, 
must.be carefully selected for the job they are to do, and need 
to be installed with near-ideal inlet and outlet conditions to 
produce the expected performance* The most useful tool in estab- 
lishing fan output is the fan curve which will be discussed as 
well as the various types of air movers. 

The Air Moving and Conditioning Association (AI'ilCA) has standard- 
ized fan types as shown in Pig, 4-1 • The familiar propeller fan 
has a propeller or disc type wheel mounted in a ring or shroud, 
and is generally used for free delivery, or against a low resis- 
tance. The tube axial fan consists of an axial flow wheel inside 
a cylindrical housing, in addition to which the vane axial fan 
uses guide vanes before or after the wheel. The centrifugal fan 
consists of a fan rotor or wheel within a scroll shaped housing. 

The following terms are used in specifying and evaluating fan 
performance and are as defined by the AMCA: 

1, Volume handled by a fan is the number of cubic feet of 
air per minute expressed at fan. outlet conditions (namely, 
air pressure and temperature ) • 

2, Total pressure of a fan is the rise of pressure from fan 
inlet to fan outlet, that is, the net pressure produced 
by the fan, 

3, Velocity pressure of a fan is the pressure corresponding 
to the average velocity determination from the volume of 
air flow at the fan outlet area, 

4, St atic pressure of a fan is the total pressure diminished 
by the fan velocity pressure. 

5, Power out-cut of a fan'is expressed in horsepower and is 
based on i*an volxime and th9 fan total pressure, 

6, Power input to a fan is expressed in horsepower and is 
measured fiorsepower delivered to the fan shaft, 

7, Mechanical efficiency of a fan is the ratio of power out- 
put to power input, 

8, Fan outlet area is the inside area of the fan outlet, 

Purth£?r explanation and application of these terms will be 
covered later in this section* 

Of the four general types of fans described above, the centrifugal 
fan is most commonly used for ventilatinr^ systems and is further 
classified by type of blades: (1) forward curved, (curved in the 
direction of rotation), (2) straight radial blades and (3) back- 
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Pig. 4-2 




Pig, 4-4 



wardly inclined blades. There are many variations of these basic 
blade types, but all centrifugal fans fall into one of these 
groups. The radial blade fan (Pig. 4-2) was the first style de- 
veloped but nowadays is used mostly for pneumatic conveying sys- 
tems, as sawdust and shavings, and for high pressure blowers. 
It is not used in ventilating systems. The next* fan developed 
was the forward curved blade design, (Pig. 4-3) which consists of 
narrow cup shaped blades which rotate in a direction seemingly to 
scoop up the air, while the backwardly inclined bladed fan 
(Pig. 4-4) appears to "wipe" the air. The effect of these dif- 
ferently shaped blades on the fan characteristics is shown by 
the fan curves such as those shown below in Pig. 4-5 and Pig. 4-6. 




20 cm 25 

(x lOOO) 

Performance curve of a 30-Inch dm, singlft^width, forwcrd curve fan, 
selected for 20,000 cfm at 6 In. SP. 



Pig. 4-5 
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Figs, 4-5 and 4-6 courtesy of 
New York Blower Co.^ 



However, before proceeding with this comparison, we will discuss 
fan curves in general. Referring to Pig. 4-5, note that there 
are 3 curves shown, labeled "static pressure", "brak^ , horsepower" 
and "mechanical efficiency", and that there are values corres- 
pondingly marked in graduations on the vertical (ordinate) sides 
of the graphe "Cfm" is similarly scaled off on the horizontal 
(abscissa) edge. This particular fan was selected to produce 
20,000 cubic feet per minute of air against a static pressure of 
6 inches which is v^^iat the designer figured he needed to do a 
certain ventilation Jobo So, when the fan is connected up to 
the ventilation system and all dampers have been adjusted, the 
fan v/ill deliver 20,000 cfm if the static pressure is 6". If 
the static pressure developed by the fan is, say 5", because of 
an error in estimating ths pressure, the fan will deliver 27,500 
cfm. The point is, that the fan delivery depends on vyiiat static 
pressure it v/orks against, and this is called the system resis- 
tance. 

Referring again- to Pig. 4-5, at 6" sp, the brake horsepower is 
^ . 52, and the mechanical efficiency is 685b. 

Pig. 4-6 shows a set of curves for a backwardly inclined blade 
fan, also selected for 20,000 cfm delivery against a 6" static 
pressure head. The curves are similar to a degree but closer 
study shoY/s significant differences in performance. The forward 
curved fan has a constantly rislr^g horsepower cxirve, while the 
backwardly Inclined blade fan has a horsepov/er curve that rises 
to a maximum and then levels off or decreases slightly v/ith in- 
creased cfm. This points out the main disadvantage of the for- 
ward curve bladed fan; that is, if the system pressure was cal- 
culated too high or the system changed so as to reduce the pressure, 
the horsepo\7er becomes excessive and overloads the motor. The back- 
wardly inclined blade fan has a self-limiting horsepower curve and 
cannot be overloaded under any conditions at a given speed. It 
will be noted that the static pressure - cfm curve of Pig. 4-5 is 
about 7" at 0 cfm, dips to 5 3/4", then reaches a maximum of 6". 
The portion of the curve to the left of the 6" peak is an area of 
unstable operation, and this is another disadvantage of the for- 
ward curve fan should a design error result in operation to the 
left of the penk. The forward curve fan has another disadvantage 
of being less efficient than its backward inclined blade counter- 
part, as shown by the mechanical efficiency curves. The advan- 
tages of the forv/ard curved fan is that it turns at lower speeds 
than other types, runs quieter and is smaller than the ba.ckwardly 
Inclined fan to produce equal cfm and head. The backv;ardly in- 
clined blade fan^has the advantages of higher efficiency v;hich 
can save pov/er costs for large continuous operation applications, 
and a limited horsepower requirement which permits economical 
motor sizing. Another advantage is its steeper static pressure 
vs cfm curve, which means that a variation in the system pressure 
v/ill result in a smaller variation in air delivery than ^vith a 
forward curved fan. 

For example. Pig. 4-5 (forward curve) at 6" static pressure, the 
delivery is 20,000 cfm. At 5" static pressure, delivery is 
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27,500 cfm. Pig. 4-G (backwardly Inclined) shows that at 6" 
static pressure, the output is 20,000 cfm, and at 5" it is 
23,000 cfm. 

An ittiTDortant variation of the backward inclined fan is the air 
foil shaned blr.de (Pig. 4-7) shaped like an airplane wing, and 
is designed to allow air flo-v tlirough the wheel with less tvir- 
bulence than the conventional backward Inclined flat blade. The 
advantage of this is to produce quieter operation, and to oper- 
ate without surginr- or pulsation throughout the entire range. 




pig. 4-7 Courtesy, Trane Co. 
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Courtesy, New York Blower Co. 



SW - Single Width DW - Double Width 
SI - Single Inlet DI - Double Inlet 

Arrangements I, 3« 7 and 8 are also available with bearings 
mounted on pedestals or base set independent of the fan housing. 

For designation of rotation and discharge^ see AS 2406. 

For motor position, belt or chain drive, see AS 2407. 

For designation of position of inlet boxes, see AS 2405« 




ARR. 2 SWSt For belt drive or 
dirert connection. Impeller 
overhunji. iJearin^a in bracket 
supportert by fan housinf^. 




ARR. 4 SWSI For ^f>)t drive, 
impeller overhung on prime 
mover shaft. No bearings on fan. 
Prime mover base mounted or 
integrally directly connected. 



ARR. 8 SWSI For belt drive or 
direct connection. Arrangement. 
1 plus extended base for prime 
mover. 



3 SWSI For belt drive 

or direct connection. One bearing 
on each side and supported by 
fan housing. Not recommended 
in sizes 27 - inch diameter 
impeller and smaller. 



ARR. 7 SWSI For >^!r drivp or 
direct connection. Arrangement 
3 plus base for prime mover. Not 
recommended in sizes 27-inch 
diameter impeller and smaller. 





ARR. 9 SWSI K<ir drivi* 
Impeller overhung, two bearings, 
with prime mover outside base. 



ARR. 1 SWSI For belt drive or 
direct connection. Impeller 
overhung. Two bearings on base. 



ARR. 3 DWDI For belt drive 
or direct connection. One bearing 
on each side and supported 
fan housing. 



ARR 7 DWM For belt drive or 
direct connection. . Arrangement 
3 plus base for prime mover. 



m 



10 SWSI For bf It drivff. 

impeller overhung, two bearings, 
witli prime mover inside base. 



DRIVE ARRANGEMENTS FOR CENTRIFUGAL FANS 



AMCA STANDARD 

2404-66 



ERIC 



Fig, 4-9 

66 






Clockwise 
Top Horizontal 



Clockwise 
Top Angular Down 



Clockwise 
Down Blast 



Clockwis^^ 
Bottom Angular Down 





Clockwise 
Top Angular Up 



Clockwise 
Up Blast 



Clockwise 
Bottom Angular Up 




Clockwise 
Bottom Horizontal 






Counterclockwise 
Top Horizontal 



Counterclockwise 
Top Angular Up 



Counterclockwise 
Up Blast 




Cou nterclockwise 
Bottom Angular Up 





Counterclockwise 
Top Angular Down 



Counterclockwise 
Down Blast 





CounterN^lockwise 
Bottom Angular Down 



Counterclockwise 
Bottom Horizontal 



Direction of rotation is determined from drive side of fan. 

On single inlet fans, drive side is always considered as the side opposite fan inlet. 

On double inlet fans with drives on both sides, drive side is that with the higher powered drive unit. 

Direction of discharge is determined in accordance with diagrams. Angle of discharge is referred 

to the horizontal axis of fan and designated in degrees above or below such standard reference axis. 
For fan inverted for ceiling suspension, or side wall mounting, direction of rotation and discharge is 

determined when fan is resting on floor. 




DESIGNATIONS FOR ROTATION AND DISCHARGE 
OF CENTRIFUGAL FANS 



AMCA STANDARD 

2406-66 
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Fan Arrangements 



Pan arrangements refers to tlB relation of wheels and bearings, 
and whether the fan has one viieel (single width, SVY) or two 
wheels (double width, DW) and single inlet (SI) or double inlet 
(DI)- 

Pig. 4-8 is an elevation view looking at the discharges of a 
single width, and a double width fan each having the sarae outlet 
area and giving the same performance. The single width is 50% 
taller, but only 70% as wide as the double width. The single 
width is best for a duct inlet connection, while the double 
width is best for installation in a plenum. Cost also governs 
the choice of sin^^le or double width fan. When the fan outlet 
area is about 8 aq feet, the two cost about the same; below this 
size, the single width is less expensive and above it the double 
width is cheaper. First cost and space requirements largely 
determine which fan arrangement to use. 

The various arrangements as designated by AMCA are shown in 
Pig, 4-0 J It will be noted that there are 4 basic bearing ar- 
rangements. Arrangement 1 consists of 2 bearings resting on a 
metal base, supporting the shaft and v\Jieel, independent of the 
fan housinc. Arrangement 2 uses a single bearing housing (con- 
taining 2 spaced bearings or a single sleeve) mounted on a 
bracket supported by the fan housing. Arrangement 3 has one 
bearing mounted on each side and supported by the fan housing* 

Note that this arrangement is not recommended by manufacturers 
for wheel diameters of 27" and less because the bearing blocks 
the air passage to the fan inlet. In Arrangement 4, the motor 
supports the wheel on a long shaft -yith no bearings on the fan. 
The balance of the arrangements designate drive arrangements and 
bases, Arrarigemont 3 is the most common in ventilation work 
because of cost and space £:aving£ realized without the fan bear- 
ing suj-jport platform. 

Direction of rotation and discharge is designated by the AIuGA 
as shown in Pig, 4-.lvO, 

Classes of Fans 

Pans are constructed in three strength classes as set by the 
AHCA for operation in the follo'ving pressure ranges: 

Glass I up thrcui::h 3 l/4 inches of total water pressure. 

Glass II up tht'ough 6 3/4 inches of total water pressure. 

Class III up through 12 l/4 inches of total water pressure. 

AKCA does not control the metal gages, bracing or design, but 
specifies that the fans shall be suitable for pressures shown. 
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"The AMCA is a non-profit Association composed of the majority 
of air moving equipment manufacturers in the United States and 
Canada, The main technical effort of the Association is aimed 
at the development of accurate and roliabl-j testing procedures 
which are adopted as standard test codes and are used as a basis 
for rating the industry's products. 

The AMCA Laboratory is specifically designed to check test the 
air performance and sound ratings of air moving equipment li- 
censed to use the AMCA Certified Ratings Seal. Each manufac- 
turer participating in the AIvICA Certified Ratings Program agrees 
that the Staff shall, at random intervals, obtain a production 
sample of each licensed product for the purpose of checking its 
actual performance against published catalog ratings. Failure to 
perform within the specified tolerance results in the loss of the 
license to use the AP.ICA Seal on the entire product line." 

The above is excerpted from a AMCA publication and describes the 
function of this Association, and the significance of the rating 
seal. A line of fans (by jnodel number) that have been tested by 
AMCA are authorized to bear the seals 



Pan Drives 



The most common types of fan drives for ventilation applications 
are v-belts. They require careful selection and installation, 
and frequently need to be checked for proper application by the 
mechanical inspector, 

V-belts are. of rubber, or of synthetic rubber and cotton, rein- 
forced with cord or finely stranded steel cables. They are shaped 
like a trapezoid, and made in six standard cross-sections; PHP, 
A, B, C, t) and E and to the dimensions shown in Pig, 4-12, V- 
velts are made in standard lengths, called pitch lengths; the 
length, and the type (A, B, etc), are imprinted on the outer 
periphery of the belt. The pitch diameter of a pulley is the 
outside diameter less twice one half the thickness of the type of 
v-belt that it is made for, or more simply, the outside diameter 
less the thickness of the belt. The pitch length of a belt may 
be calculated as shown in Pig, 4-11, 

Since the tightness of belts is adjusted by moving the motor 
closer or away from the driven pulley by means of jacking bolts 
on the motor base, be sure there is sufficient "slot" length to 
move the base either way, and also that the belts will not rub 
against the belt guard. 

The load on belts is determined by the following factors: 

1, rlorsepower^ of the driver, 

2, Service factor of the driver equipment^ 

3, Belt speed, 

4, Angle of contact of the belts with the sheave. 

The adequacy of a belt drive system can be checked as follows: . 

1, Read the motor nameplate horsepower and multiply it by 
the service factor (from table 4-2) for application and 
type of motor used, 

. 2o Pind the belt speed from: 

V ■s..3,14' x; d: .(ft;)^x;rpm ':: 

s #262 X d (inches) x rpm,- feet per minute 

3» Prom Table 4-4, find the nominaL^^^^^^^^ rating per 

belt, knowing the pitch dia, of the sectioho 

4, Pind the arc of contact on the small sheave by the 
^ V ; formula: , ' ■ 




D =• pullet^ p.j-cl^ cl'<5"^.^t-<'i^ 



Pig. 4-11 



— -/r — 



FIG.1 




FIG. 2 



1 V-belts aro mada In five standord croii-iectloni/ doslgnafod A, D, C, 0 and C. 

2 Sheove grooves oro practically samo sixo os bolts, but cut about 3/16 In. deeper 



Fig. 4-12 
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Table 4-1 ^^i'^^snsions of V-B3lJs and Sheaves 



Dcsig- ' V-Bclt Dimcn- 


Sheave Dimensions, Inches 


tialiou 

of 
Cross 
Section 


sions, Inches 




Min. 

I^ecoin- 
! mended 
IPitch Dia. 


Pitch Diameters Available 


Add toP.D. 
to Obtain 
Outside 
Diameter 


Width 
. at 
Top 


Dcpih 
or 

Thickness 


Groove 
; Spacing 


Stock 


Non-Stock 


A 




j 


2.6 


3.0 to 6.4 in 0.2 in. in- 
crements; 7.0, 8.2, 9.0, 
X0.6, 13.0, 15.0, iS.o 


3.0 to 36.0 in I in. in- 
crements; 38.0 and 
40.0 


% 


B 




1 

Ho 


n 




5.0 to 7.0 in 0.2 in. in- 
crements; 7.4,8.6,9.4, 
I ii.o, 11.4, 13.6, 15.4, 
16.0, 1S.4, 20.0, 25.0, 
^0.0, ^S.o 


7.0 to 36.0 in I in. in- 
crements; 38.0 to 60.0 
in 2 in. increments 


'A 


c 


% 




I 


7.0 


9.0 to 10. 2 in 0.2 in. in- 
crements; 10.6, 13.0, 
16. Oy 20.0, 24.0, 30.0, 
36,0, 44.0, 50.0 


ii.o to 36.0 in I in. in- 
crements and 38.0 to 
72.0 in 2 in. incre- 
ments 


Va. 


D 


iH 






12.0 


13.0 to 15.4 in 0.4 in. 
increments; 18.0, 22.0, 
27.0, 33.0, 40.0, 48.0 


14.0; 16.0 to 36.0 in 
I in. increments; 38.0 
to 96.0 in 2 in. incre- 
ments 


k 


E 




I 




20.0 


None 


20.0 to 36.0 in I in. 
increments; 3S.0 to 
96,0 in 2 in. incre- 
ments 





Table 4-2 Sorvico Factors for Various V-Bclt Applications 



I 








Type of Motor 








Application 


Si..u*:rel Cage 


1 

Wound 
Rotor 


Synchronous 


Single Phase 


D.C. 
Shunt 
Wound 


Normal 
Torque 
Line 
Start 


Normal 
Torque 
Compen- 
sator 
Start 


High 
Torque 


Norma; 


1 

High 


Repulsion 
and Split 
Phase 


Capac- 
itor 






Ser\'io'; 


\'Otor (Multiplier) 








1.2 


1.2 




1.4 










1.2 


1 i'ropciicr i;m 


;.4 


1.4 


2.0 


1.6 




2.0 






1.4 


i:i<luced draii fai; 


1.2 


1.2 




1.4 






- 




1.4 


I l*osi;ivc blower 


1.6 


1.6 




2.0 


2.0 


2.0 








, CV..:. . ... i ompressoi- 


r . 2 


1.2 




■1.4 


1.4 








1,2 


i\«a;ij*y .. csrfor 




1.2 




1.4 


1.4 






1.2 


1.2 


Kccipk*oc:al;i;4 cnmpresbor 




















13 or more cyi.) 








1.4 


1.4 








1.2 


Reciprocating comprobSwr 




















(i or 2 cyl.) 


X.4 


:.4 




IS 










'■1 i 


Ccnirifu;:iii p"j. . • 


1.2 


1.2 




1.4 






Z.2 


1.2 


1 



Tables on pages 72 and 73 reproduced 
by permission of the publishers of 
O "Buildings Systems Design," successor 

ERJC to "Heating and Ventilating." 



SELECTION OF V-BELT DRiVES 



V-Dcit Sizes for Various Loads 
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Table 4-3 



Nominaf Horsepower Ratings por Self 



Belt 
: Velocity, 
ft. per 
min. 


Section Designation 
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i. 


B 






C 






D 
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■ Pitch Diameter, Small Pulley, Inches 


2.6 


1 ■ 
(34 


■4.2 
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II. 0 
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Nominal Horsepower per Belt 
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Table 4-5 



Arc of contact - 180° - 60 (D-d) degrees 

—Q 

D s pulley dia., inches 

d - sheave dia., inches 

C s center distance, inches 

Find the correction factor for the angle of contact from 
Table 4-5. Any angle less than 180° arc of contact will 
reduce the horsepower transferred by the factor shown. 

Tvlultiply horsepower per belt by the factor, which gives 
the corrected horsepower per belt. 

Dividing the corrected horsepov/er, 1st step, by the 
horsepower rating per belt will give the number of belts 
required. 

Exainple : 

A 1 hp motor 1750 rpm normal torque line start squirrel 
cage motor drives a centrifugal fan at 400 rpm. There i 
one A section belt, 97.1 inches long. The motor pulley 
is 3.4 inches in diameter, the fan pulley diaraeter is 
14.9 Inches and center to center distance is 33.7 inches 
Find if the single A belt is sufficienb to drive the fan 

1. from Table 4-2 the service factor is 1.2 
1.0 X 1.2 s 1.2 hp required 

2. belt speed s .262 x 3.4 x 1750 

s 1559 fpm 

3. from Table 4-4 hp s 1,1 (for 180° contact) 

4. find arc of contact 

180° - 60 (14.9 - 3.4) 3 159.5° 
33.7 

■ • ' . ■' ' ■ " . ■ "^'^ ■ 

5o from Table 4-5, correction f actor - 0.95 

6. corrected hp transmitted - (1.1) (0.95) 

r icO^^^ 

This is 12.5'/^ less than the required 1.20 hp, so two 
A section belts should be used. 



Table 4-2 lists the nominal horsepower ratings of v-belts gener- 
ally. For exact solutions, use the manufacturer's rating tables. 



Inspect V-be It drives for the follov/ing: 

1. The sheave, or motor pulley, should not be undersized, 
other;vlse excessive tension vyill be required to prevent 
slipping causing undue binding stresses, overheating and 
breakdown of the belt. The minimum sheave sizes are: 

Belt Section lAin. Sheave 

Pitch dia. , inches 

PHP 2.0 

■A 3.0 

B 5.0 

C 7.0 

D o o ........ • 12.0 

E 20.0 

2. Multiple V-belts for a given drive should be a matched 
set, otherwise the shorter ones will carry all the load. 
If it is necessary to replace a belt the v/hole set 
should be replaced. 

3. Belts should not be operated over 5,000 fpm. 

4. Check for sufficient take up. New belts have to be re- 
tightened after running awhile. 

5. Make sure the V-belts and grooves match. Oversize grooves 
will cause the belts to ride low (they must never ride on 
the bottom of the groove) and undersized grooves will 
cause the belt to ride high. The top of the belt should 

'be approximately flush with the top of the groove with 
approximately 1/3" to 3/16" clearance at the bottom. 

6. Check shafts and pulleys for alignment. A straightedge 
layed along the sides of the pulley and sheave should 
contact the entire surface of each. 

7. Check belts for proper tension. Overtightening causes 
internal heating of the belt and overloads motor bearir^gs. 
Under tensioning will cause excessive slippage and danger- 
ous heating of the belts. Follow the manufacturer's 
instructions for applying proper tension. 

8. Do not permit anyone to pry V-belts out or across the 
sheave facec The driver should be slacked off so that 
belts can be easily moved. 

ERLC 



9. The belt guard should be sufficiently open to permit 

ventilation around the belts, but must be totally enclosed, 
(State Safety Orders.) Metal screen with small openings 
may be used. 
Fan Capacity Controls 

In ventilation v/ork fan capacities aJ*3 varied by changing the 
speed, or by use of dampers. In sizes up through 10 or 20 hp, 
adjustable pitch diameter sheaves are used. Above 20 hp and 
where more than 2 belts must be used variable pitch sheaves are 
expensive. If only one speed change needs to be made it may be 
more economical to install a new sheave, ^^en capacity must be 
increased or decreased to suit a changing condition inlet or 
outlet dampers (Pigs. 4-13, 4-14, and 4-15) may be used. The 
variable inlot vaned damper reduces the horsepower x^equired as 
the capacity is reduced and its higher cost is justified if 
the fan is to operate for long periods at low output. 
Pig. 4-16 sho^YS the mechanics of an inlet vane damper. If a 
damper is needed for just short periods, the outlet damper 
v/ould be a better selection. 



Elimination of Vibration 

A fan has six rotating parts thct can can 
shaft, sheave, pullay, belts and motor o 
probably brQanced at the factor7/' but tho 
vibratos somov/here bct-.vGen "acceptable" t 
vibration can be caused by turbulent air 
A fan operated -//ith a throttled discharge 
stable part of the curve and pulsate and 
verified by allov/ing tho fan to movo more 
door on the discharge side) and observing 
creases. 



se vibration: the' wheel. 
The various parts v/ere 
assembled fan and drive 



fi 



excessive ' 



or. 



flow into the fan inlet, 
may operate on an \in- 
surge. This can be 
air (by opening a plenum 
if the vibration de- 



Some of the causes of vibration v/hich can be checked are: 



Causes 

1. Sprung shaft 



2. Rille:/ mis- 
alignment 

33 Dirt in 

pulley grooves 

4* Dirt or Dumps 
on V-belt 



Check 

Steady-rest a reference point near tlie 
pully face, and also near the outside 
circumference of the pully to 'just touch 
and observe any movement betv/een the 
reference point and the pulley. 

Check -'/ith a straight edge along the 
pull077 sides. 

Grooves :mot bo smooth and concentric. 



Defective belts ^vil] have rou^h joint. 



5. Dirty fan 'vheols 



mc 
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PARALLEL BUDE 
OUTLET DAMPER 



OPPOSED BLADE 
OUTLET DAMPER 



INLET DAMPER 



Pig. 4-13 



Pig. 4-14 Pig. 4-15 

Figs. 4-13 to 4-15, New York Blower Co 



PARTS LIST 



Part 

No. 


Part Name 


1 


Blade 


• 2 


Rod 


3 


Bevel Pinion 


4 


Outer Bearing 


5* 


Center Hub 


^ 6* 


Drive Gear 


7 


Gear Retainer . R Ing - Arr. No. 1, 3. & 7 


8 


Gear Retainer • Disc. • Arr. No. 1. 2. 4. c< o 


9 


Operating Rod 


10* 


Gear Cover Back 


IT 


Gear Cover Front 


12 


Operating Lever 


13 


Operating Bracket 


14* 


Lever Bracket 


15 


Control Quadrant 


16 


Center Stud - Doi. No. 1 


16 A* 


Center Shaft • Des. No. 3 


16B' 


SpDcer • Des. No. 3 




Pig . 4-16 Courtesy , Zurn-Clarage 



Causes 



Check 



6# Unbalanced motor Remove V-belt or disconnect coupling 
or motor pulleys and run motor to check for motor 

vibration, 

7, Loose set screws 
on fan v/heel or 
pulleys ♦ 

0. Loose foundation 
bolts 

9. Loose bearing bolts 

10. ' Bearart^s loose on 

shaft 

11. Damaged v/heel 

The vibration produced by a fan can be prevented fx'om effecting 
the surrounding structure by absorbing it with a massive founda- 
tion, such as a block of concrete, 2 or 3 times the weight ol the 
machinery. In severe cases or where extra precautions are neces- 
sary, the block is mounted on an isolation base. The ♦ isolation 
elements ccinjuonly used are rubber -in- shear, cork and steel springs 
and are available in the following forms: 

1. Pads of rubber-in-shear with a base plate for bolting to 
a fixed base, with attached stud for securing the equip- 
ment, Pig. 4-17. Pads are alsp made of rubber and cork 
sandwiches with ribbed bottoms. Pig. 4-18. The latter 
are also used for heavy machinery that must not be bolted 
rigidly because of expansion and contraction. 

2o Bases or rails mounted on rubber or springs. Pigs. 4-19 
and 4-20, to hold the fan and motor in place ^jiSi lie 
isolating them from the floor. This base keeps the 
motor and fan from drav/ing together because of belt 
tension. 

3. Reinforced concrete inertia pad set on individual spring . 
mounts. Fir;. 4-21. Pig. 4-23 shows a well designed base 
on spring rails. The snubber huts are only "finger 
tight" to permit vertical movement of the assembly. 

Springs must be designed and selected by the manuf actxarer for the 
load and rotating speed of the equipment and the distribution of 
the load on the base© A location plan is usually sent v/ith the 
springs which are color coded, IVhen loaded the springs must, not 
bo closed solid but should have at least enough - space to insert 
a calling card between the coils. \ 

Flexible connectors at the fan connections are required to isolate 





STRUCTURAL 
CHANNEL^ 






Fig. 4-20 



STEEL BASE PLATE 




E-q^oipmen+ Anchov- 

Snubbcir E>ol+ 
snub f inge 



Bar& a" ox. each wa;y 
G'' V-4\<9h Concre+c Base - 

a>V'2"x^4- Anchor S+-uds 
\A/ald<z.d +p channel IG*'O.C. 





V^"4> Anchor Bol+s 



Spring Isolation Rails wil-h 
angle clips. S»7jSL,+;yp<3L and 
nombeir of lsola+-ion trails 
as rexcnan^cnded b>jy mfr. 



Inertia Anti-VibrationsI Base 



/ 

Pig. 4-23 
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any vibration being transferee! to the duct v/ork. A neoprene 
coated glass fabric is generally used and is av .liable rolled 
into strips with sheetmetal bands on both sidea for attachment 
to the duct. The ducts should be checked at these points for 
proper support and stiffening so as to not "hang" on the flex- 
ible joint and tear it or partially close the fan inlet or out- 
let. The wiring to the motor should be run in flexible conduit. 
(See Pig. 4-24) 



Duct Connections 

The manner in v/hich air enters and leaves a fan has a profound 
effect on Itr? ••^^rr-rnrmco • At inlet the air should fill the 
eye of the impeller equally without crowding on one side and 
^vithout turbulence or spin. The outlet discharge duct is not 
as sensitive as-the inlet, but will reduce the fan performance 
if it does not permit the full development of the fan pressure, 
'Then fans are tested in a laboratory with duct connections as a 
test requirement, the ducts are designed to provide uniform 
straight flow to the fan inlet, and the outlet connection is 
equal in area to the fan discharge and straight for at least 
10 diameters. These conditions usually cannot be duplicated in 
the installation due to space limitations, and the performance 
will be correspondingly reduced. However, avoiding some of the 
common errors shown below will allow the fan to produce the air 
quantities needed and cost less to operate. The de'^igner has 
the prime responsibility to produce the optimum configurations 
and these should be. followed as closely as field conditions 
permit. 

Pig. 4-25 illustrates the air flow with straight duct, and an 
elbow connection to a fan inlet. On the latter, air is crowded 
to one side of the impeller suction, and because even flow 
through the wheel does not occur, the total air flow is reduced 
by 5 to 10^^. Pig. 4-26 illustrates spiming caused by a poorly 
designed inlet box which can be alleviated by turning vanes. 
Pig. 4-27. Pig. 4-23 is an all too common method of connecting 
to, exhaust fans with the results, and a method of correcting 
them, in pig. 4-89. In Pig. 4-30, it would be better to introduce 
t he ^ Ir straight into the inlet; otherv/ise, the distance between 
fan" inlet and plenum wall should not be less than one wheel di- 
ameter. The remaining figures show poor and preferred methods 
of connection and recommended corrections where space limitations 
exist. Pigs. 4-31-33 show more, examples of "best, good and fair'!- 
ways to connect fan discharges, and the proper clearances and 
contraction angles to be observed for fan inlets. 



Construction Details 

Pig. 4-33a illustrates the basic parts of a typical arrangement 
2 single width fan. The base and drive is. not shown. The hous- 
ing consists of an outer wrapper called the scroll plate, and 
two side plates. The scroll is in the shape of a volute which 
converts the velocity pressure developed by the impeller wheel 
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ga/veLoizecf 3fee/ ^/?g/e5 
for a// ^g^.va/^ ? c/c/c/s and 
round cluc/s ^j-and /ar^er^K^ 
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bAnd for ^ma//et d/a 
t^oand aucfs /9^^ 



I^Doud/e Neoprene coai^ed glass fairic 
I sir/p \r/rappad around ducf m^/M 
6 -inch minimum over Zap. Use 
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di/c/s. 
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FLEXIBLE DUCT CONNECTION 
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Pig. 4-24 
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Air IocnI diMribution at inl«t 
to lb* fan. 



Pig, 4-25 




Fig. 4.26 
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Fig. 4-30 
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Pig. 4-31 
Courtesy, New York Blower Co A 



K A 



DOUBLE fNLSr FAN 



7« 



FLEVAT/QN V/eW 



1 
1 





NOTES 



PLAN V/EW 



> 




14 















ELEVATION VIEW 
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Pig, 4-32 
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D^CHA/^£ CONNECT /CN3 



Pobii Fan OMr..cT Flow 



Faim Fan OuTLCr Flu^i 





FooR Fan InlCT Flow 
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HOUSING ASSEMBLY 





BEARING 
SUPPORT 



ARR.1 
INLET SIDE 
(REMOVE INL£T 
CONE FOR 
WHEEL REMOVAL) 



ARR.3 
SIDE OPPOSITE 
DRIVE 
(REMOVE BEARING A 

SUPPORT TO 
REMOVE INLET CONE) 



BEARING 



SHAFT 




BEARING 
SUPPORT 
ASSEMBLY 



DRIVE SIDE 
FRAME 



BACKPLATE BLADE 
T 



INLET CONE 



f INLET SIDE 
HRAMF 



WHFitL 
ASSE{t:BLY 



ROUND DUCT 
CONNECTION 
NOT SHOWN 



Pig, 4-33 (a) 
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into static pressure. The lower edge of the soroll terffllnates 
with a section called the **cut-off which is positioned as close 
to the rotating impeller as is practical. Its purpose is to 
prevent air in the high pressure area of the discharge from 
short-circuiting back to the suction side which reduce capacity 
and waste power. The side plate on the right supports the inlet 
cone which is faired and shaped with a bell mouth inlet to lead 
the air into the impeller eye with a minimum of turbulence. 
Since this is a single inlet fan^ all of the air enters through 
the right side cone, the left side plate being solid except for 
running clearance around tte shaft. The overhung impeller is 
supported by a pillow block with a bearing at each end, the 
pillow block being rigidly supported from the fan frame. The 
position of the impeller with respect to the inlet is very 
important and should be checked for agreement with the manu- 
facturer's instructions. Double width wheels should be centered 
bettveen.the inlets. Single width wheels are generally designed 
with an inside diameter slightly larger than the cone outside 
diameter, in v^ich case the whe^l should overlap the cone with 
a minimum of running clearance. Fig. 4-34 shows the degree of 
overlap as specified by one manufacturer, and Pig. 4-35 shows 
various configurations and clearances used by another firm. 
Hero again, the purpose of restricting this space to the mini- 
mum is to prevent short circuiting the air from the high pressure 
aren to tho suction side of the Impeller. 

It is not uncommon to find a fan rotating back'/rard and occasion- 
ally find a cloclrwise fan fitted \7ith a counter-clock wise im- 
pollor, A simple rule to determine the correct rotation is to 
tliink of a particle of air as starting at tho cut-off and travel- 
Inc around tho spiral of tho scroll to tho discharge. This will 
be tho direction of rotation for all impellers regardless of the 
typ3 of blade. As mentioner» previously, the forward curve blade 
will appear to bo "scooping** the air and th\s backtyard inclined 
type will lay back at^ainst tho air but never scoop it. Radial 
bludcs project stral^^ht out and may be machined or sm» faced on 
thi loading faco. 

•fxether assembled on the job or at tho factoiTr# fens should be 
checked for the fcllor/liic joints and in conformance v/ith the 
manuf acburer installation instructions: 

1. On arrival at thj Job site insr^ct tho hcusli)^ fci^ dents 
or aiiy damage to the bace or bearini^ purports. If it Is 
necessary tc stor*3 it in th^ ?/eather it should be covered 
with a rain nroof ocmov and sot on timbers. BoarliTgs 
should be covered aivl sjaled •^i tcro iiot^ier Jnsido or 
out to keep out ccnstr'jction dJrt. S*;aft siiculd be pro- 
tected •vith r\ist rreV5^t5vo comround. As a saf oty rro- 
caution, thr lirfeilor i^hcvild be* r-:)stralnod froni turning 
bv "^vlnd millin(5^ in the v/ind. 

A.ri»fr the fan Is cot on the pc manont foundation chocl: 
the shaft for level. A Ciiiall dofloclion of the iiha£t will 
occur duo tc the weisht of the impeller. The s'laft Is 
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Pig. 4-34 Trane Co. 

NOTE — Wheel rim should overlop inlet cone. Allow odequote 
running clearance between wheel bock plote ond housing. 
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Pig. 4-35 (a) 
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FAN SIZE 


"A." DIM. 


61000 SERIES 


60 


4i 


66 


4H 


73 


5* 



* Dimension "A" should be measured at 4 points 
approximately 90 degrees apart. 



Pig. 4-35 (b) Zurn-Clarage 
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level when the same amount of slope at eaoh bearing is 
Indioated. The centerline of the shaft at eaoh bearing 
must be at the same elevation* 

Z. Check doublo wheel impellers for being centered between 
the inlet cones^ and single wheels for overlap with the 
cone« \ 

4« Check impellers for concentricity with the inlet cones^ 
while slowly rotating the impeller. 

5. r "^ck shaft size^ bearings^ motor and drive details 

c^^lnst the specifications and approvals for compliance* 

Pan Testing 

After a fan and the system it serves has been installed the fan 
should be tested for performance. The value of this test is to 
determine «vhat tho fan produces and vftiere the data gathered 
falls on the fan curve; and to record the actual power load^ 
speedy and static pressure* Field tests can rarely be made with 
the accuracy of a laboratory test; however, reasonable accuracy 
'can be attained if care is taken* If it develops that the fan 
'delivers substantially more or less air than anticipated, the 
data gathered by the test will be used by the designer and ttie 
manufactxirer in adjustments of the fan speed or system resistance^ 
After such changes are made the test should be repeated* 

The data to be gathered are: 

1. Static pressure (at inlet and outlet), 

2^ Cubic feet per minute (determined by multiplying the 

velocity through the duct connected to the fan discharge 
by the area of the duct, or 

Q s a X V Q a cubic ft of air per min 

a s area, sq ft 

V s velocity, fpm 

3# Fan speed, 

4# Power input to the fan, 

5, Temperature of the air at the fan inlet. 

The instruments used for obtaining the above are simple, un- 
complicated and dependable. Similarly, the calculations used 
in arriving at the tost report results involve simple arithmetic* 

The devices used for finding static pressure and velocity of the 
air streari are tho manomotor and the Pitot tube (pronounced 
p5' - Pig, 4-36 illustrates a manometer, also called a "U" 

tube, vvhich consists of glass or plastic tubing of uniform bore, 
formed in a "U" shape and filled v;ith vvater, Vith equal pressure 
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Pig. 4-36 Pig. 4.37 



1 



Pig. 4-38 
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on both logs (assume atmosphorlo ) the water In eaoh log bo 
at the same level. The scale in the middle is adjusted up or 
down so that "0" lines up with the liquid levels* Vftion the tube 
on the left is connected to a pressurised duct the air. presstiro 
displaces the liquid until the height of the water on the right 
exactly balances the duct pressure. ThuSf the reading is Uie 
measurement between the two liquid levels in inehea of water, 
which is the unit of pressure used in ventilation work* Simi- 
larly, if the duct pressure is negative, the atmospheric pressure 
will force the liquid column down. For roading low air pressures 
(as 0*1 inoh water) an inclined manometer is used (Fig. 4-37) 
which has tha effect of magnifying the vortical movement of the 
liquid interface. A standard Fltot tube is shotm in Fig. 4-33. 
The horizontal portion is constructed to the standard dimen- 
sions shown, but the vertical leg is available in different 
lengths depending on the tTidth of the duct to be probed. Hm 
total pressure in the duct is transmitted throu^ the inner tube, 
while the static pressure Is sensed thrcvugh the openings around 
the outer tube (Section A-A) and transmitted to the "static pres- 
sure" tap. 

The function of the Pitot tube is to measure the velocity of the 
air, the principle of its action being shown in Fig. 4-3C. A, 
B and C are manometers registering static pressure, total pres- 
sure, and velocity pressizre. 

The reason why the Pitot tube is able to measure velocity pressure 
from vAiioh tho flow velocity of the air stream is foimd can be 
explained as follows: 

Referring to Fig. 4-3B, it is obvious that the pressure P^ 
must be greater than the pressure Pg, in order to move the 
air through the duct. The pressure inpax'ts a velocity to 
the air stream, called velocity head; and Pi also overcomes 
the friction loss or head caused by the air rlowins along the 
sides of the duct. Not all of the pressure is used up for 
velocity and friction heads, and the balance remaining is the 
static pressure existing in the duct, ttien moving air strikes 
or impinges on a surface at right angles to the direotion of 
flow its velocity head ic converted to pressure head. Thus> 
when the moving air impinges on the tip of the tube faced into 
the air stream (B) €he velocity head, or pressure, is regis- 
tered directly on the manometer. However, the reading ob- 
tained at (B) also includes the static pressure in the duct 
at that point, so the static is subtracted from the total 
pressure by ooimeoting the left leg of the manometer to the 
side of the duct. This additional duct tap is not necessary 
with the Pitot tube as it is constructed with a statio pres- 
sure connection (Fig. 4-39). After the velocity head has 
been determined, the velocity of the air stream is calculated 
from the formula 




where V ■ f pm 

P ■ head, or pressure, 

inches water 
W - weight of air, 
lb per cubic foot 



o 
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For standard air conditions, (at 70^ P and 29.92" barometric 
pressure) W « 0.0749 lb per cu ft, and is substituted in the 
equation, v/hich reduces to 



V s 4005 -y^ p 
Thus, if p 3 1^ velocity pressure. 



V m 4005 n/ l" or 4005 fpm. 



If p s 4", velocity - 4005-1/ 4" 



or 8,000 fpm, etc. 



Before proceeding with the velocity readings, the best possible 
spot in the duct work imist be chosen, v\fliich should be from 7 1/2 
to 10 duct diameters downstream from the fan, and ahead of any 
transitions, fittings or dampers that could cause turbulence or 
unequal flow patterns. The air velocity in a duct varies because 
of friction drag along the sides, therefore, it is necessary to 
hypothetic ally divide tho duct crossection into equal areas and 
find the velocity pressure in that particular area, then take 
the square root of each velocity pressure, and find the average. 
Prom this, calculate the velocity from: 



The probe points for a rectangular duct are as shown in Fig. 4-40, 
which divides the area into 16 equal rectangular parts. The 
probes for a round duct are spaced as shown in Fig. 4-40, which 
divides the circle into five equal concentric areas. 

■^fhen the average velocity has been determined the air volume is 
found from; 

cfm a velocity (fpm) x area (sq ft). 

■ilfhere the area is the net inside area (taking the duct lining 
into account). 

The above method is as prescribed by the AI^CA. If the duct 
arrangement is such that it is impossible to take readings V to 
10 duct diameters dov/nstream of the fan and free of disturbii^^ 
influences, a rough check may be made with an anemometer by 
measuring the air flow tht:»ough the filter bank on the suction 
side. The techniques of using the anemometer will be discussed 
in the section on balancing. 

riaving determined the quantity of t-ir flow being delivered by 
the fan, the next step of the test is to measure the static pres- 
sure against which the fan is v;orkipg. Referriiig to Fig. 4-41, 
fans are contnonly installed in a plenum, drav/iiTg air tlirough an 
outside air louver, automatic damper and a filter bank, all of 
which have a measurable rresr^ure drop. The designed pressure 
loss through the filters can b3 obtained frojn the specifications 
or the manufacturer. The lone t'nprurjh the outside air louvers 
should not exceed 0.1" -vater column. Ths inlet pressure, which 
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AVERAGE 









#^*»c / S30 \ / Barcmstric Pres>\ 
Density. .075 [t^^] [ ^792 ) 



.075 



29.92 
lbs. per cu. ft.' 



"k" - Density 

fSP-. 
••*<" times < VP - 
V.BH? - I 



average duct velocity 



" SP'^ 

VP >at $t»d density 
BHPj 

r ifOOOYVP" 
- ifOOO V 



C?M » velocity X duct erce 
■ X « 



fpm. 



Add to the SP any loss due to duct friction 
between points of reodtngs end fen end due to 
^ ?"5or inlet end outlet connections. 
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TOTAL S.R = 2.90"" 



Fig. 4.41 



will bo nosatlvo, can measured with a Fitot tube or a piece 
of rubbor tubing inserted into the plenum, and faciiTB downstream 
so as tc not pick up any velocity pressure* The fan dlscharse 
static pressure is similarly measured in the plenum between fan 
and coils taking caro to keep the probe out of turbulent air. 
The total static pressure is the arithmetic sum of the tv/o 
readings, say 0.75" negative pressure plus 2.15" positive pres- 
sure s 2#90" total static pressure. If the colls are on the 
suction side of the fan the method of taking the static pres- 
sures are the same; in the inlet and outlet plenums. 

The speed of the fan is the next part of the test to be deter- 
mined, and can be taken v;ith a simple rovclution counter or a 
chronometric tachometer. The spood readinj should bo accurate 
within 5 rpm. 

The bralce horsepo-ver needed to drive a fan is a good indicator 
of its performance when used in cm junction -;ith the manufac- 
turer's curves. A reasonably accurate method of finding the 
brake horsepower is to measure the amperes drawn by the motor 
and applying the following formula to find brake horsepower: 

brake horse pov;er - volts x amps x 1.73 x P.F. x efficiency 

746 

Volts - the voltage across the motor terminals. 

Amps - the average of the current drawn by each of the 
three "legs" supplying the motor (3 phase). 

1#73 is a constant ( ^-yf^ ). (For three phase only.) 

P.P. is the power factor. 

Efficiency is the motor efficiency. 

The follov/ing table may be used for finding power factor and 
efficiency: 

motor 

name pi ate hp 1 5 20 



power factor •73 .08 .91 

efficiency .7(3 .82 .84 

Finally, the ali^ temperature at the fan inlet should be re- 
corded, as v/ell as the barometric pressure, to correct for the 
air density if different than that specified on the* fail data 
sheet. 

Tliree essential pieces of information have nov/ been obtained, 
v/hich, when marked on their respective cui-'ves, should show some 
agreement on the air quantity being produced. Pig. 4-42 shows 
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PROBABLE EFFECTS OF VARIOUS INLET CONNECTIONS 
(Those losses do not include friction losses) 



oeSCRlPTlON 



.X LOSS IN 
CFM IF NOT 
CORRECTED 



X INCREASE 
NEEDED IN FAN 
SP TO COMPENSATE 



i piece elboM Vo 




.5 
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2.0 
6.0 
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5 or more piece Vd 
elbow 



1.0 
2.0 
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No Vanes 

A 
8 
C 
D 



17 
8 
6 



18 
13 
11 
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Round to Square to Round 



18 



Rectangular Elbows without Vanes* 

*ln al I cases use of 3 
long, equally spaced 
vanes will reduce toss 
and needed sp Increase 
to 1/3 the values for 
unvaned elbows. 




HjZC 
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.25, 6 5 



The maximum included angle of any el- 
ement of the transition should never 
exceed 30*'. If It does, additional 
losses will occur. If angle is less 
than 30^and L is not longer than the 
fan inlet diameter, the effect of the 
transition may be Ignored. If it Is 
longer, it will be beneficial because 
elbow will be farther from the fan. 
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9 
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Each 2^ diameters of straight duct between fan and elbow 
or Inlet box will reduce the adverse effect approximately 
20%. For example » If an elbow that would cause a loss 
of 10% in CFM or an increase of 23% in fan SP, if on the 
fan Inlet, is separated from the fan by straight duct the 
effect of the duct may be tabulated thus: 



No duct Loss • tOX 

L/D - 2jr Loss - 8X 

5 Loss - 6X 

7i Loss - k% 

10 Loss - 2X 



needed 
needed 
needed 
SP needed 
SP needed 



SP 
SP 
SP 



23% 
19% 
13% 
9% 
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an example of plotting the results of the velocity probes, horse- 
power and static pressure on the corresponding curves furnished 
by the manufacturer. A range of cfm of this magnitude may be 
considered acceptable as it is due to errors in measurement if 
th^ installation is a good one, but if there is a wide diver- 
gehce of data from predicted performance fxirther investigation 
should be made. As stated previously, the inlet conditions to 
the fan have a large effect' on its performance. If it appears 
this might be a contributing factor, a Pitot tube probe should 
be made on the horizontal and vertical axes of the round duct 
connection at the inlet. Non-uniform velocities at correspond- 
ing reference points will indicate turbulence and spinning. 
Such conditions can be corrected by revising the duct work or 
installing straightening vanes. Pig. 4-44 shows the probable 
losses that will occur with various inlet connections. 



Adjustments to Meet Design Requirements 

If the fan test data shows agreement vd.th the fan ciorve but the 
delivery is belov/ (or above) the desired design figure, some 
adjustments are necessary; (1) decreasing the gystem resistance 
or (2) changing the fan speed. A given duct system develops a 
resistance that varies with the square of the air volume, as 
shown in Pig. 4-45. 

The point of intersection of the system resistance, OSi , v^ith 
the fan ct^rve Pg determines the static pressure of the duct 
system and the air quantity. Assuming the design point is at 
cfmp, it can be seen that the system has balanced out at a 
higher static pressure and a lower cfm than originally predicted. 
If the system pressure loss can be reduced so that its resistance 
curve looks like OSg the design cfm can be obtained. Accordingly 
the friction loss must be reduced by SP-i - SP;z, based on the flow 
at cfm|. The system will then operate at static pressure SPg and 
cfmg^ the design volume. 

Another approach to increase (or decrease) the air delivery is 
to change the fan speed up or down. Pig. 4-47 shows a family of 
fan curves at different speeds. 
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Pan Laws 

Pans (and pumps) follow what are commonly called the "Pan Laws". 
For a given fan handling the gas or v/eight of air, and ^/dth the 
speed varying: ^ 

1« Cfm varies as the speed 

cfm^ rpm^ 



cfm , rpm , 

2# Static pressure varies as the square of the speed 



rpm,> 



sp, ^r.pm, 
3« Br.ake horsepov/er varies as the cube of the speed 
bhp^ /rpm^\3 



bhp, 



.rpm, 



3xaiiiple: A fan was selected to deliver 10,850 cfm at 1 1/2" sp, 
and to run at 953 rpm, requiring 3*95 bhp* After installation 
it was found that tho system developed 2*0" sp, delivered 9,800 
cfm, and used 4«15 bhp^ '.Vhat should the speed be increased to, 
what static pressure should have been designed for, and what 
brake horsepower is required? 



Solution: 

Specif led Actual Pinal conditions 

conditions condition after speed change 

10,350 cfm 9,8£>0 cfm 10,357 

1.5 sp 2.0 sp ? 

953 rpm 953 rpm ? 

3#S5 bhp 4.15 bhp 



9 



Pan lav/ 1, cfm varies as the speeds 
rpm 2 cfmo 



rpm, cfm, cfm, 

rpm, = 953 cfin, s 9,800 

rpm.^ s ? cfm s 10,850 

rpm., s 953 x 10,350 

3,820 

s 1,055 rpm 

Fan lav; 2, static pressure varies as l]ie square of the speed; 
sp.. / rpm.,\'^ rpm 2 



; Sp.^ a Sp^ 



sp, \ rpm ,/ rpm, 

sp, s 2#0 '^T>^*i m 1,055 

sp , s ? i^Pin , - 953 

sp - 2.0 X 1055 

- 2.4-^" sp. 

Pan law 5, bli]:^ varies as the cube of !'he speed: 

t>hp..^ / ^T^-^^^^ rpm.^ 

bhr> s ' bhp x 



bhp^ \rpm,^ rpm. 
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bhp, . 

bhp^ - 



4.15 



? 



rpm, 



rpm 4 a 



953 



1,055 



bhp s 4.15 X 1,055 



• 5.60 bhp 
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Footnote 1. Reproduced by permission of New York Blower Co. 
from "Engineering Letters" by Mr. Jack Trickier, Vice Presid 
and General Manager of La Porte Operations for the New York 
Blower Company, 

Footnote 2. AMCA Standards, reproduced by permission of the 
Air Moving and Conditioning Association. 



Pan Check- Points 
Verify that: 

!• Pans are the size, model, drive arrangement and rotation 
approved by. the designer. 

Pans have not been damaged in shipment • 

5. Bearings and shaft are protected from the weather and dirt 
before and after being net in place. 

4. Motor is the correct voltage, hp, phase and speed. 

5. Impelle-? is set for the correct clearance with the inlet 
cones (per manufacturer's instructions). 

G. Impeller is the correct blade type as approved and is to 
the correct hand. 

7. Proper belt guards to meet State Safety Orders are supplied, 
also screen guard over fan inlet. 

Shaft diameter and bearings are as specified. 

9. Pans have AMCA label if called for in tha specifications. 

10. Bearings have been greased prior to operation and that grease 
points are easily reached after installation. 

11. The fan shaft is level. 

12. All manufacturer's installation instructions have been 
complied with. 

13. Approved vibration mounts have been installed in correct 
locations. 

14. Direction of rotation is correct. 

15 o V belt drives have been installed per this section. 
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5# BOILERS 



Pressure Classifications 

Boilers, more properly called heat generators, are commonly used 
for furnlshliig steam or hot ;vater to heating and ventilating 
systems. They are usually in the lov/ pressure category which, 
as defined by the A.SJ.I.3., Is 15 psl maximum steam pressure, 
or 160 psl water and 250^ water temperature for a hot water 
boiler. The sectional cast iron boiler Is used for 15 psl steam 
or 30 psl hot water working pressures. These are available In 
sizes from 60,000 to 3,430,000 btuh, gas or oil fired. Cast 
iron boilers (Figs. 5-1 and 5-2) are assembled in sections, the 
number being determined by the capacity desired, "Push nipples" 
connect the sections together, the whole assembly beln^ drawn 
together with tie rods. The burners are cast iron sections of 
"beds" of small gas jets which are supplied with a mixture of low 
pressure (2" to 5" pressure) gas and air through a venturl mixing 
nozzle. The burner bed covers the entire base of tho combustion 
chamber and the burned gas circulates by natural draft past the 
cast iron heating sections and on out throui^h the flue« Gas 
fired boilers depending on natural draft to remove the products 
are fitted with a bacK draft hood which prevents a back draft 
coming down the flue from blowing out the burner flame. Oil 
fired boilers similar to Pig, 5-2, use forced draft, hence do 
not require a back draft hood. 

Steel tube boilers most generally used in heatirig v/orl: are 
fire tube , that is, the hot combustion gas flow through the tubes 
\fliich are surrounded by water (Pigs. 5-3 to 5-5), The gases may 
make anywhere from two to five passes through the boiler depend- 
ing on the manufacture. All firetube boilers are forced draft 
because of the long path the gases must travel, and are available 
In sizes from 520 to 20,000 mbtvih, oil or gas fired. 

Boilers are classed as high pressure if operated over 15 psl 
steam and 160 psl water. 

Ratings : 

Boiler horsepower is a historical and obsolete method of rating 
a boiler's output that was adopted in 1889 but is still listed 
by some manufacturers (along with modern ratings )• One boiler 
horsepower is equivalent to evaporating 34,5 lbs of water from 
and at 212^ F feedwater temperature, 

SIR, Heating boilers are sometimes rated in terms of square 
feet of Equivalent Direct Radiation, namely, 240 Btu/hour, 
which represents tho heat given up by the steam condensed by 
1 square foot of cast iron radiation, at a steam tsmperature of 
215^ P and room temp-^r ature of 70^ P* 

SB I and IBR , The Steel Bollor Institute and the Institute of 
Boiler and Radiator Manufacturers have developed methods of 
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1- riue Canopy -Forms a gas tight connection between 
flue passages'and drafthood. It is completely enclosed by 
borler jacket. 

2- Draft hood -Locations for maximum flue flexibility. A 
conventiona! overhang rear drafthood for low over-atl 
height-and an optional top outlet drafthood. 

3_Low Water Cutoff (Steam Bo i leps)-Located OUtside 
jacket. Electrically shuts off main gas valve if boiler water 
falls to low point 

4- Base Frame -Consists of cast iron panels that are in- 
terchangeable front and back for assembly flexibility. 

5- Gas Control Train-A.G.A. design certifiedr automatic 
diaphragm valve is standard. Special FM, FIA, IRM gas 
trains available. 

6. Man! fold .Designed for use with natural or propane 
gas. Available for right hand or left hand connection. 

7_ Jacket. sturdy steel with distinctive brown and beige 
finish. Includes front cleanout door for easy access and 



expanded metal air inlet opening for combustion. Lined 
with glass fiber insulation to prevent heat loss and keep 
jacket temperature down. Jacket covers both canopy and 
manifold for modern ''packaged" appearance, 

8- ^Cast Iron Sect lons.Modular design with precision 
ground joints for flat, even draw-up. Multiple pin flue 
surface for higher sectional output The ZW offset nipple 
provides excellent sectional communication for smooth 
flow and preferred steam quality. Special tankless coil 
center sections available. Tested for SO psr (80 psi when 
specified) water working pressure. 

9- - Combust ion Area -A Unique base construction 
has made possible the design of a single combustion 
chamber for the complete boiler, reducing the number 
of supervised pilot burners. 

lOCast Iron Burner^ With Stainless Steel ribbon inserts. 
Feature smooth Ignition and extinction, resistance to 
flashback and easy flame adjustment for natural and pro«- 
pane gases. Only one burner per flue needed. 

Courtesy, American Standard Co/ 



Fig^ 5-1 



TIM ffM h tht ultimatt healing unit for application 
in smaiiar apartmant or commarclal buildingi. Dasignad 
ipacifieaily fOr light oil, foread draft firing this cast iron 
factional unit Is avallabla ailhar at a ttaam or hot 
watar boilar and attains an afficiancy of ovar 80%* 
Forcatf draft iMilars in addition to incroasad oparating 
afficiancias raquim much lass spaca than convantional 
boilers of comparable site and eliminate the need for 
external draft devices such as a high chimney or ma* 
chanical draft equlpment-the PFA-3 features: compact 



wet beta design; no separate bese or combustion cham* 
ben and the provision for tanklesa heater in both ttaam 
and water boilers. The boiler alto faaturet a high effi- 
ciency burner and the ute of an elatttc tealant com* 
pound for teellng. 

The PFA«3 it manutectimd in fbur tiiet rarigtiy ftam 
300 to 526 MBH gmtt output and it available as a 
factory assembled standard unit* a split assembly or 
completely disassembled unit. 




1- Controls mounted on front of boiler for 
ease of maintenance and adjustment* 

2- Vittr Htr« -large, copper coll tenkless 
type. l=W=rl rated. Imfarted into upper 
5'' nipple port on forced water boilers; 
lower nipple port on steam boiler. 

3- %U Stctions -factory assembled, 
sealed and water pressure tested. 

Cleancut Pantl -permits Clean* 
ing of all flue surfaces from right side with* 
out dismantling jacket or disturbing burner, 
controls or accessories. 

5- tnsulated Jacktt heavy glass fiber In* 
sulation prevents wasteful heat loss, keeps 
jacket cooL 

6- Setlint -effectivelysealssections. 

7- ~wet base be* 
comes primary heating surface. 

8- > Vet Bist --provides extra 
heat-absorbing wet base. Waterways com* 
pletely surround combustion space. 

9 - Oil Burner* equipped with a high effi- 
ciency flame retention burner head. 

10— Jacket Exltnsion 

-matches jacket ^no \m removaoie 
front panel for ready access to burner and 
control; arch-type openings to*provide am- 
ple air for combustion and circulation. 



assambled sactlons 

help speed installa- 
tion time making the 
PFA-3 ideal as a re- 
placement boiler. 




elastic sealant - it is impera- 
tive that forced draft boilers be 
absolutely gas tight This qual- 
ity Is attained with the PFA-3 
by sealing all section joints 
and canopy connections with 
elastic compound. (Covered by 
Patent No. 3,533,379.) The elas- 
tic sealant requires less instal- 
lation time than other gasket* 
ing methods and provides a 
superior airtight seal, which 
will maintain its integrity over 
the years. 



elastic 
sealant 
compound. 




PlSe 5-12 Courtesy, American Standard Co, 



rating to aid the designer in choosing tha correct size boiler • 
Table 5-1 shows a part table of "S.B.I* ratings for steel 
boilers with the various headings. Table 5-2 shows a sample 
"1 a B s R" rating. 

Btu^s per hour output . This states the actual heat, in btu*s 
that has been added to the steam or hot water leavir^g the boiler 
in one hour of operation. 

Lbs steam per hour > The heat required to evaporate one pound 
of water at 212^^ F is 970 btu, and is called the latent heat of 
the steam*. The btu per hour output of rating expressed in lbs 
of steam per hour can be found by multiplying by 970 btu. 

Hot water- boilers are rated in btu per hour. The actual heat 
absorbed by the water is found from the following formula: 

Btu/hr s gpm x t^^t - ^in x 8.53 x sp ht of water («1«0) x 60 

Since the heat generator efficiency is about S0% due to heat 
losses in the flue gas and radiation losses, the heat input to 
the boiler is approximately 

Btu input /hour » Btu output per hour 

0.80 

Btu input per hour is measurable in cubic feet of gas per hotir, 
or gallons of fuel oil per hour, v/hichever method of firing is 
used. 



Testing: Boiler Output and Sfficiency. 

Building heating boilers are not usually tested* for thermal 
efficiency and output to the degree of accuracy needed for large 
central steam plants, but warrant sufficient checkiiTs to prove 
that the specifications have been met; namely (1) output 
(2) overall efficiency and (3) combustion efficiency. The output 
of a steam boiler can be obtained by collecting or otherwise 
measuriiTg the condensate returned to the boiler, or by meterir^g 
or weirr;hin;^ the feed v/ater being delivered to the boiler during 
the test run. The flow through a hot r/ater heat generator can 
be gotten by ni'^ans of flovmeters installed in the various 
branches or main, or by reading; the pressure gages at the inlet 
and outlet of the hot yrntar circulating .puinp„and„fijid^^ 
X^lon_j;h.o_puinp---c\ir-v^-«^ — The—t-smperature of the vrater at nnlot ?,nd 
OTTtl-jt is'thon ta' on, and the formula (shown above) is used 
for finding the btu output. (2) Overall efficiency is tho ratio 
of heat output to ho at input: 

'i of '*ic:'On'::y - heat outpu t x 100 
heat input 
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Mechanicolly *f:ired 



SBt Rating 


SBI Net Rating 


Oross 


(c) 
Minimum 
Furnace 
Volume 
Cu Ft 


(b) 
Minimum 
Furnace 
Height 
In. 


/viinimum 
HeaVmg 
Surface 
Sq Ft 


So Ft 
Steam 


Sa Ft 
Water 


MBh 


Sa Ft 
Steam 


Sa Ft 
Water 


MBh 


Output 
MBh 


0) 


(2) 


(3) 


(4) 


• 15) 


(6) 


(7) 


(8) 


(9) 


(10) 


2,100 


3,500 


520 


1,.S(K) 


2,SS0 


432 


04S 


15.7 


26 


129 


2,CS0 


4,2SO 


043 


2,200 


3,520 


52S 


702 


10.2 


28 


158 


3,160 


5.050 


758 


2, 0(H) 


4,160 


024 


i)30 


22.0 


jy'4 


180 


:^,<wO 


5,SJ0 


S7G 


3.mK) 


4.SfH) 


720 


1,0S0 


20.1 


20 »i 


215 


4,250 


G.S(K) 


1.020 


3.5fM) 


5,000 


Sin 


1,200 


30.4 


30 " 


250 


4,800 


7,770 


1,100 


4,(K)0 


6,400 


0(i0 


1 ,440 


.i4.8 


30 '2 


2M) 


5,470 


8,750 


1,313 


4,5iM) 


7,200 


1,0S() 


1,020 


30.1 


•iVi 


322 


ti,(JSO 


0.720 


1,450 


5, (MM) 


S,(MH)" 


1,2(MI 


l.S(H) 


43.5 




35S 


7,2110 


lI,()r>C) 


1,750 


G,0(K) 


0,6(H) 


1,440 


2, 100 


52. 1 


32*4 


420 


S,5(H) 


13,000 


2,040 


7,000 


11,200 


1,OSO 


2,520 


00.8 


34 


500 


in,:):5i) 


1G.250 


2,470 


S,500 


13,000 


2,010 


3,000 


73. JS 


35»i 


<)0S 


12, 150 


10,440 


2,910 


li),m 


10,0(H) 


2,41M) 


.>, OUU 


SO. 8 


3</2 


t Jo 


lo, ISO 


24.2S0 


3,403 


12,500 


20,000 


3JKI0 


4 ,500 


108,5 


40 '4 


S03 


IS, 220 


20,150 


4.373 


15;000' 


21,(M)t)' 






"130:2" 


- .j3- " 


-^-j- 070- 


21, 2.'^) 


lll.tltH) 


5, 100 


17.500 


2S,(nM) 


4,200 


0.3t)0 


151. S 


40 - 


• 1,250 


24,21)0 


3S,Mi() 


5,S30 


2().0(W 


32,000 


4,800 


7,200 


173.5 




1,420 


ao,3(io 


48,75^.) 


7.2S0 


25,0(M) 


40,0(K) 


0,000 


0,000 


210.0 


544 


1,7S0 


3r»,4:H> 


5S,2S() 


S 7 13 


3(),IHH] 


48,000 


7, 2(H) 


10, SIM) 


200.3 


00 '2 


2, 143 


42,r)(X) 


GS.tJOi) 


10,200 


35,niM) 


oO.tMM) 


S,10l) 


12,000 


303.0 


00 


: 2.5IH) 
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AutomatfC'F/red 



0 

ERIC 



Grots 

I « 
B =: R 
Output 



MBh 
8 



I met l=:B-=R Rating 



Piping and 
Pickup Factor 



Water 



Steam 



Water | Steam 



MBh MBK I Sq Ft ! 
9 1 to I II ' 



12 



37 


• 2S 


24 


. 100 ! 


140 


i uo 


00 


4(M) , 


251 


1 18s 


; lOS 


7(M) , 


352 


1 204 


\ 210 


\m) 


451 


i 338 


1 312 


1300 


517 


\ 410 

f 


3S1 


1000 : 

j 


042 


4S2 


' 450 


. IO(K) ' 


730 


» 552 


52S 1 


22(H) • 


820 


(>22 


()00 1 


2500 r 


020 


0!)() 


()72 ! 


2SlM) j 


101 i 


758 


714 


3 KM) 


1101 




SJO , 


3400 I 


IISO 


8!)2 




L3700 • 


127S , 


i)0() ! 


!)00 j 


4000 i 


1304 ; 


1050 ) 


1050 ! 


4101) • 


1500 ' 


1152 i 


1152 ' 


4S(H) : 


UVil 


Vi\S 


V24S ^ 


5200 


173!) 


13 U 


1314 ' 


5000 ' 


J85.S i 


M40 


/440 


OO^H) ' 


1078 


1530 


1530 : 


OUH) ; 


2102 


l(i32 . 


1032 1 


(iS(H) 


2101 


lost) 


loso 


7'.KH) ' 


23 IS 


l.sui) 


J SOO • 


75(M) 


2473 


15)20 * 


1020 • 


8000 ' 



1.333 
1.333 
1.333 
1.333 
1.333 
1.333 

1.333 
1.333 
1.333 
1.333 
1.333 
1.333 



1.333 
1.331 , 
1.320 ! 
1.310 i 
1.301 ] 
1.2!)1 

1.200 
1.2SS 
1.2S8 
1.288 ' 
I.2SS . 
1.28S , 
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13 



Minimum 
Stack 
Areo»» 



Sq In. 
U 



1.500 
1.525 
1.402 
1.466 
1.444 
L424 

1.408 
1.3fM 
L3S2 
1.309 
1.350 
1.340 



1.330 
i.331 
1.320 
1.310 
1,301 
1.204 

1.200 

1.288 

1.288 

1.28S I 

1.2.88 

1.288 



50 
50 
50 
52 
73 
05 

115 
135 
155 
173 
192 
211 



2.30 
240 
274 
207 
318 
330 

3.50 
377 
395 
405 
420 
440 



Maximum 

A||ow/,h!c 

Draft Lots 



In. W.GJ 
15 



0.044 
0.058 
0,072 
0.084 
0.000 
0.108 

0.118 
0.130 
0.141 
0.152 
0.102 
0.J72 

6. 183 
0.102 
0.200 



Table 5-2 



The heat input to a boiler is found by meterinQ the gas or oil 
for the psriod of the test run and applying the heatirg value 
of the fuel. The exact heating value of the gas (which fluctu- 
ates) may be obtained from the supplying utility company and 
the oil heatiJTg value from the supplier* It is usually accurate 
enough to use 1,000 btu per cubic ft for the gas at standard 
conditions and 145,000 btu per gallon for No. 2 fuel oil. When 
gas consumption is read from the utility company's meter it must 
be corrected to standard conditions for the purpose of the test. 
The utility company will furnish the meter constant, or it can 
be easily calculated: Find the inlet gas pressure ahead of the 
meter with an accurate gage. Assume it reads 5 psi gage. .Since 
the volume of a gas varies inversely with the absolute pressure 
or ■ 

V2 m Pi or V- s P, Vi V s cubic feet 

nrr ^ ' — f— 

P s absolute pressure 

We must use the absolute pressures, #xich Is gage pressure plus 
atmospheric pressure (14.7 lb per sq in. at sea level). Then, 
the volume of gas entering the boiler, corrected to standard 
-pressure, is 

Volume - (5 4- 14.7) x volume (read from meter) 

■ ■ , ■ 14.7 
- 1.34 X Volume (read from meter) 

The volume of a gas also varies directly with the absolute 
temperature but this may be neglected for these calculations. 

vVe now have enough information to complete the formula as 
follows: 

fi efficiency « heat generator output , btu per hour 

(cubic ft per hour of gas) (heat content) 

The calculation used for oil burning boilers is similar: 

fo efficiency - heat generator output, btu per hour 

gallons oil per hour x heat content per gallon 



(3) Combustion efficiency. 

If a bo iler v/as„ f p-und t o _have an oyer all„ j^^^ 

of the heat represented by the lost 207^ went up the stack, spent 
in heating the products of combustion. The exact amount of h9at 
thus lost depends on the pounds of flue gas moved and its exit 
temperature. Each cubic foot of gas or pound of fuel oil, de- 
pending on the carbon and hydrogen content, requires a given 
weight of air for combustion. Under perfect combustion conditions 
all of the Carbon and hydrogen v/ill be completely burned, and the 
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products of combustion will consist principally of carbon 
dioxide (CO2) and the inert gases, such as nitrogen, that make 
up the atmosphere. Ho^/ever, more air than just the theoretical 
value is supplied to insure complete combustion. Uriburned com- 
bustibles present a loss of heat, but more important, cause 
dangerous explosions and flare backs in the combustion areas* 
The amount of excess air being supplied to the firebox can be 
found by sampling the flue gas for carbon dioxide (COg) and 
oxygen (Og) content, and using a chart similar to Pig. 5-6 and 
Fig. 5-7, drawn up for the carbon and hydrogen analysis of the 
fuel being used. As an examplo, assume an Or sat analysis shows 
the COg content to be 3"^, and the Og content to be 5.3,"^, when 
burning the fuel sho\vn on FiG» -^-C"^ The CO2 line intersects 
the hypotenuse of the diasra-n at 50;? excess air as does the 
5.3^' Og line. Thus, if the theoretical amount of air needed 
is 10. cu ft per cu ft of gas, tjit? toal air at 3G,j' excess is 
1.3C X 10 - 13.0 cu ft por cu ft of sar. The actual loss in 
the flue gas can be found from Pig. 5-S, knowing the stack 
temperature at the boiler outlet and the percent a!;;e COg. The 
stack temperature is talron with an iiisortion typo mercury or 
accurate bi-metallic thorr.ometer in the center of the flue gas 
stream close to the breDchii"iG connoction. The above figures 
show the percent overall thermal efficiency, or : 

Thermal efficiency « lOO x total heat input ^ stack losses 

total heat input 

then, stack losses- (100 - efflc) (heat input), btu/hr 

The stack losses should be close to the losses figured by the 
overall effici^^ncy. Figs. 5-3 and 5-9, allov;inif; for sx^ic^ll radia- 
tion losses. 

A cop analysii> vdll h^j made \rj the boiler supplier v*ien the unit 
is adjusted for firing, or may be taken by the utility company 
upon request. If the specifications require the boiler to pro- 
duce rated load aL a certain COo, slack temperature and efficiency, 
the contractor ;7ill ^atlior and submit this data. 



Operating and Ss^fety Controls and Trim 

Boilers have certain safety re qu lipoma nt s ' and devices that are 
required by the State Division of Industrial oafety. Those cxe 
contained in "Boilor Safety Orders" available from the Office 
of Procui^ement, Documents Section, P.0« Box 20111, Sacramento 
?5320, for a nominal sum* The ordoi^s adopt the "ASIffi Code for 
Pressure Boilers", available at techricsl Vcck stores, and both 
of there publications should b-^ available to anyone concerned 
with the construction inn^ction of boilers. 



Safety Relief Valves , mounted directly on the main drun of a 
heat generator, are the ultimate, "last ditch" protective de- 
vices preventing an explosion from overpressure. Their require- 
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FLUE GAS ANALYSIS CHART FOR DETERMINING 
THE AMOUNT OF AIR EMPLOYED 



PERCENTAGES OF Ca. 0.. AND CO ON DRY BASIS AS GIVEN BY ORSAT ANALYSIS. 
BASED UPON THE CONDITIONS THAT FLUE GAS CONTAINS NO RAW GAS, H.. OR FREE CARBON 
TVW) OF THE CONSTITUENTS. CO., CO, AND ft NEED ONLY BE KNOWN. THE CHART SERVES 
TO CHECK THE ACCURACY OF AN ANALYSIS WHERE THREE CONSTITUENTS ARE DETERMINED. 



0 




PER CENT 0, 
Pig. 5-6 

DEPARTMENT OF GAS OPERATION 

PACIFIC GAS * ELECTRIC ca 

- . 116 MATWSa SHEET NG-ao8. 

116-119, courtesy Pacific Gas and Electric Co; 



FLU£ GAS ANALYSIS CHART FOR DETERlviiNING i H£ 
AMOUNT OF A!R EN/PLOYED -FUEL CL. 

FlRCEntagss or co,.o,. and co on dry basis as given by ossat analysis. 

£AS£D L?C\ THE CONDITION THAT FUEL 01 )S BURNED TO CO, AKD/CR CO a:;j 
VAPOR, TWO Of the constituents. CO,. CO AND 0, NEED ONLY EE KNO.VN. 
THE CHIART SERVES TO CHECK THE ACCURACY OK AN ANALYSIS WHERE THREE 



CONSTITUENTS ARE XTERMJiED. 




PER CENT Of CAS coNSTf«jCTiON l opcratios ocpt. 

MCr«C CAS i CtCCTAhC CO 



Pig. 5-7 

SHCtT C-206 
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raents as to design and manufacture are specified in the ASHE 
Code for Power Boilers. The heat relieving capacity of the 
valve is also stamped on the body and tiiis loust be equal to or 
greater than the maximuioi heat input to the boiler, which may be 
found on the boiler's nameplate. Safety relief valves are oon* 
nected directly to the boiler, without reducers or increaserSf 
and never any type of shut off valve in between* The outlet 
piping is lead to a safe point of discharge, and supported so 
as to hot place any strain on the valve* 

Safety relief valves for steam service as regulated by the ASHE 
Code are the pop safety type whic)i open fully at the set relief 
pressure, and then snap shut after blowing down not more than 
4 per cent (but not less than 2 lbs) of the set pressure* The 
set and closing pressures are adjusted by the manufacturer and 
sealed* Pig. 5-10 shows a steam pop safety relief valve* 
Safety relief valves for hot water boilers (Pig* 5-11) open an 
amount directly proportional to the pressure and are not subject 
to any blo\7do\vn requirements* 





Pig* 5-11 (a) Courtesy, McDonnell & 1 

Miller Co. 
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All ASMS arrJ^ovod aarety valves have a lifting lever for man- 
ually openins the valve'. / 

A drain rauct be provided to prjvont ^■yater from lying aGainst 
the dischar^je face of the poppet, v 



Lo\7 water cut-offs (Pigs. 5-16 and 5-17) are float operated 
electric switches that interrupt the circuit holdlnc; open the 
fuel valve should the -.^ator level fall belo;? the safe opiaratlns 
level. The State Boiler Safety Orders require "a second "back- 
up" low water cut-off, which operates a second gas valve in 
series with the first. The second cut-off float chamber is 
mounted lower on the boiler than the first and has a manual re- 
set switch. The first cut-off will shut down the boiler if the 
water level falls to a below-normal level (within limits) but 
will allow it to start up again if the level is restored. The 
second cut-off will act to cut off the fire, if for any reason 
the first fails, and the water falls to an unsafe level. Tlie 
second cut-off has to be re-set by an attendant v/ho v/ill inves- 
tigate the cause of the low v/ater before re-lighting the boiler. 
Sec Pigs. 5-12 to 5-15 for piping connections to and details of 
lov* water controllers.* 



Operating pressure (or temperature ) controllers are pressure or 
ten^rature sensing devices which start and stop, or modulate 
thd fuel input to maintain the set pressiare or temperature which 
is desired. 

Should they fail to respond to conditions higher than taieir set 
points a high pressure or temperature safety cortroller , with a 
higjhor se^^feg, will shu^ off the rael input. 

High and low pressure fuel safety shut-off s close the fuel valve 
m the event of abnormally high or low pressures in the fuel 
supply. 

A well constructed, accurate pressure gage Is mounted on the 
boiler and is connected directly to the drum. These should have 
a calibration screw, and a tee and valva should be provided 
alongside in the gage piping for connecting an inspector's gage, 

A water column is installed on the boiler so that the middle of 
the glass coincides with the design water level. The latter will 
be marked on the boiler. The water coliamn is provided with try- 
cocks at 3 levels for verifying the water level, and sliould be 
operable from the v;orklng platform or level. (See Addendum 
pases A-la. (a) & (b) for Code requireiaents). 

A combustion safety supervisory control system is one that assiu?es 
that safe conditions exist in a I'lreDox berore fuel is introduced, 
and monitors the ignition period so that if the main flame is not 
lit in a predetermined number of seconds the fuel valve will be 
actuated to close. 'Vhen tho main flame has been established 

cn^r^fer to addendum page A- 21 * for Section 763 of the California 
Efvvkfl^ft Boiler Safety Orders. 
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Pig. 5-12 

Combination feed water pump controller and 
low water cut-off. 




Pig, 5-13 
Low water cut-off. 
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Courtesy, McDonnsll ii'Miller Co} 



MCDONNELL SAFETY CONTROLS 
FOR HOT WATER SPACE HEATING BOILERS 

To Comply with 1967 State of California 
Boiler Safety Orders 

• All safety controls equalizing piping and blow-off valves 1" size. 

• Install all No. 63M Cut-offs at l^ggM" below Feeder Cut-offs. 

• install air vents at top of all equalizing piping. 

• ASME Pressure Relief Valves should be selected with capacity 
ratings, expressed in BTU per hour, equal to or greater than 
the gross output rating of the heating boiler. 

MCDONNELL & MILLER, Inc., 3500 N. Spaulding Ave., Chicago, Illinois 60618 

Drawing No. CAL-DFCO Printed in U.S.A. 



MSOONNELL CUT-OFF 
N> 63M (MANUAL RESET) 



BLOW-OFF 
VALVE 




2 SUPPLY MAIN 



MCDONNELL FEEDER CUT-OFF 
N9 247-2, N2 51-2, 
N« 5I-S-2 OR N« 53-2 
OR N« 63 CUT-OFF 



BOILER 



-MSOONNELL N2 230 
OR N2 240 SERIES 
ASME PRESSURE 
RELIEF VALVE 



-TO DRAIN 



Pig. 5-14 
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(PREFERRED) 




MSDONNELL CUT-OFF 
N8 63M (MANUAL RESET) 



SUPPLY MAIN J 



MCDONNELL N« 230 
OR m 240 SERIES 
ASME PRESSURE 
RELIEF VALVE 



CITY WATER SUPPLY 



WATER FILL VALVE 
NORMALLY USED 



MSQONNELL FEEDER CUT-OFF 
N« 247-2, N« 51-2, 
N« 51-S-2 OR N« 53-2 
OR Nff 63 CUT-OFF 



2 RETURN MAIN 



FRir 



Fig. 5-15 
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safely, combustion vril] continiv:; to raoi-iitc.^ the flaine 



High water and lo^n ^vater alar:ue are provided oa -vater columns 
roF"hich pressur^stoa^u boil*jrs. Theso* are 'thistles, or float- 
operated s\?ibch ii: fchcl s :>\uvj i:\lar::i l:el]s« 



Boiler Installat Ion 

T7i:ically, the heat ^^onerator used for bulldiriG heatiriG systoiris 
is a packaged, self suTM^orted unit, with tri;*! and most acces- 
sories mounted at the factory^ It preferable should be set on 
a level concrete pad for z^od housekeepinr;; reasons and to pre- 
vent rusting of the mounts. The Boiler Safety Orders require 
hold down bolts sufficient to withstand a seismic sidowise force 
equal to 0*1 the weight of the filled boiler. In locating the 
boiler in a room, sufficient space must be allowed to replace 
tubes, v/hich, in the case of a Scotch firetube boiler, would be 
a tube length, measured from the front tube s?ieet. This space 
xmist not be blocked by any pipes, lights, ducts, or th(^ like, 
that would interfere with tube removal or repair. Dc not per- 
-mit conduits, pipes, etc, to be placed over or near access open- 
ings, into the boiler or handhole cover plates. 

Floor Trenches and Drains 

Unless the piping drawings were made to suit an exact manufac- 
turer's model, there will be some changes necessary in the 
piping arrangement. A new piping arrangement should be prepared 
by the contractor for the designer's approval prior to the con- 
struction of the boiler room; as the placement of electrical 
conduits, piping trenches, floor drains, fuel risers, etc, will 
be affected. Blov/down valves are installed on the lowest part 
of the boiler and the blowdown discharge pipiiTg is placed in a ■ 
trench (covered with floor plates) to avoid a trippire hazard. 
The trench, therefore, should be laid out to suit the location 
of the blowdown valve. Similarly, floor drains, hopper drains, 
etc, should be located around the boiler to suit the equipment, 
such as drains from the lov; water cut-off chambers and drip-pan 
elbows. It should be remembered that such drains cannot be con- 
nected directly to the drainage system but must discharge to an 
open funnel. Pipe trenches at the front of the boiler contain- 
ing fuel, boiler feed water and air services will also be lo- 
cated to suit the piping arrangements and connections at the 
boiler. 

Piping 

The steam or hot water lead connected to the boiler outlet must 
be sufficiently supported on spring hangers so as to not impose 
any loads due to weight or expansion on- the boiler. Normally, 
the boiler lead will be designed for flexibility between the 
boiler and main header, so any changes brought about by a c?iange 
in outlet connections will have to provide equal flexibility. 
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Another consideration is the length of straight pipe required 
ahead of flow meter orifice flanges; which, if not available, 
v/ill require the use of straightening vanes. (See "Instru- 
mentation'* section). Steam leads should rise vertically' from 
the boiler outlet to an elbow or large radius bend, and once in 
the horizontal position, should slope or pitch down away from 
the boiler to remove condensed steam* The fabrication, testing 
and inspection of high pressure boiler leads (the section 
between the outlet and header valve) is under the cognizance 
of the ASIvIIS Code for Pressure Boilers, and imist be done in pipe 
fabricating shops certified by the National Board of Boiler and 
Pressure Vessell Inspectors. :rVhen delivered to the job, such 
piping will bear a permanently attached metal tag showing the 
name of the manufacturer and the code stamp. This 
same requirement; holds for boiler feed water and 
boiler blowdown piping. 




ASMB CODE STAMP ^ 
The ASKE Code for Pov/er. Boilers'*' requirements for steam valves 
and boiler feed \vater valves are as follows; 



Section 59.5.1 - Steam Valves 

Each discharge outlet, except safety valve, or safety relief 
valves, shall be fitted with a stop valve located at an, ac- 
cessible point in the steam-delivery line and as near the 
boiler nozzle as is convenient and practicable. IVhen such 
valves are over 2 inch pipe size the valve or valves used 
on the connection shall be of the outside-screw-and-yoke 
rising spindle type. . . . 

Section 59.5.1.3 

?/lien boilers are connected to a common header, the connection 
from each boiler having a manhole opening shall be fitted 
with tv;o stop valves having an ample free-blow drain betv/een 
them. I'he discharge of tliis drain shall be visible to the 
operator v/hile manipulating the valve. The stop valves shall 
consist preferrably of one automatic non-return valve (set 
next to the boiler) and a second valve, of the outside screw 
and yoke type, or tv/o valves of the outside screv/ and yoke 
type shall be used. 

Section 59.5.2.1 - Peedwater Valves 

• the feed pipe shall be provided with a check valve 

near bhe boiler and a valve or cock between the check valve 
and boiler. 'Then two or more boilers are fed from a common 
source there shall also be a globe or regulating valve on 
the branch to each boiler located betv/een the check valve 
and the source of supply. (See Pig. 5-ir) 



Published by the American Society of Mechanical ISngineers, 
345 3. 47th Street, II. Y., K.Y. 
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**Srfi6i INSUtLATIOH / ^ 



f 122.1 J 



122.6^ (c) 



L£VCL 
122,1,6 



122,1,4 

Surface SLOW 21^'' MAX. 

CONTINUOUS BLOW 
CHEMICAL FEfO 
DRUM SAMPLE 



SOOT 
* BLOWERS 

* SINGLE tWSUuXnON 




-« ■ 
I 
I 



8L0W-0rr<- SINGLE 

ANO MULTIPLE 

INSTALLATION 



LEGENDS MQTES s^ 



.122.t.5 



[OMMON SOURC 

VALVE(A) ARC OMITTED 

•SHUT-OFF VALVE MAY SE LOCATEO 
UPSTREAM OF CHECK VALVC 



PIPING AND JOINT— ASME SECTION! JURlSDiCTM 
Piping ANO JOINT-* ANSI B3U«0 JURI5DICTI0# 
NOTE ONLY ONE DRAIN V^lVE MAY BE RCQUIRCD WHEN THE VALVE IS NOT INTENDBO 

FOR BLOW-OFF PUOPOSES WHEN THE BOILEP IS UNDER PRESSURE, CSEE 122.1.4I 



Fig. 100.1«2(b} Codo Jurlsdictionoi Limits (or Piping Drum Type BotUft 
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.The Code requires that s^obe valves shall be installed so 
that the boiler feed pressure Is under the seat, the reason 
being that if the stem should fall or the disc become dls- 
engaged from the stemt the pressure will hold the disc off 
the seat and continue to supply water to the boiler* 



Fuel Piping consists of interruptlble and firm gas, and fuel 
oil supply and rettirn. 



Interruptlble gas is used when it is available, but it is sub- 
ject to tteing sbit off when supplies are low during the heat* 
ing season. Firm (non^tnterruptible ) ga s is used for the pilot 
light, and fuel oil is usea as the steoidby fuel for gas, or 
full time in localities where natural gas is not available • 
Natural gas is supplied to the boiler room from the utility 
company's meter installation* A gas shut-off cock must be 
installed in th3 incoming lines, outside the building and 
easily accessiblft for securing the boiler room in case of an 
emergency* The gas lines are led to the boiler, supported 
from the overhead, or layed in a pipe trench on supports, but 
never buried under the floor slab* 'The interruptlble gas piping 
arrangement at the boiler front includes a series of valves and 
safety controls as shown in Pig. 5-19*. The pressure of the in» 
coming gas and pressure required at the boiler will depend en- 
tirely on the pressure drop in the piping and the burner re- 
quirement. The firm gas is independent of the interruptlble, 
and has a separate shut-off cock and pressiire reducing regu- 
lator to suit the pilot flame requirements. Low pressure gas 
regulators have large diapl^ragms, the chamber above the dia- 
phragm being vented to allow it to •breathe". In case the 
dlarhragm should break, high pressure gas would escape from 
the vent causing a dangerous condition. For this reason, the 
vent comiectlons have an Internal tapr-lng for connecting and 
runnlnj a small ply 3 or t-ublnr to atmosphere. On boilers, the 
tufc^ inay be led into the firebox, 'vhich is vented to the at- 
ir»osrih:)"^e . 



Fuel oil ;^urnly and r-^turn is usually pumped from an unde^*- 
;;;rnunci sur.-^l:: ran;: outside tho boiler room by a small gear 
type riunp integral .vlth the bui^ner. Any cil not used by the 
lUodula^irc t:;pe fuel valv3 is bypescsd bock to the storaje tank. 
Tn^vo there is a I'^r^o ilffei'^ence in elevation botvreon tanl: and 
b...llir, \ booster ru;np rnsy '"-3 



ZrV.. V fo.>.:l --'■tor r.ud" r^* ^-iclpaily cT c^'n-'eiicecl returned 

dcnr-i i\\ the h3i:t cxchnn:-'^ nnd coils, and cjll-c':^d at varlcus 
trap setfi la th? bulldlnj, 1- J3t :: w.a Ih.^ condensate 



^ 1:PPA SuU^tiu ^rr ZtCo^:^: ..nL 
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GAS 
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ATMOSPHERE VENT 

IGNITER CAS HEADER SAFETY SHUTOFF VALVE 
IGNITER GAS PRESSURE REGULATOR 
SAFETY PRESSURE RELIEF 
PRESSURE GAUGE 
MANUAL SHUTOFF 

IGNITER MANUAL SHUTOFF, SUPERVISORY 
LOW HEADER PRESSURE TRIP SWITCH 



— ixh 



IGNITERS 
_ (PERMANENTLY 
INSTALLED) 



' — xy 



Ignition System — - Manual* 




MAIN GAS SAFETY SHUTOFF VALVE 
ATMOSPHERE VENT, MANUAL 

BURNER HEADER ATMOSPHERE VENT^ MANUAL 
ATMOSPHERE VENT 
MAIN GAS CONTROL VALVE 
BY-PASS GAS PRESSURE REGULATOR 
CONSTANT GAS PRESSURE REGULATOR 
SAFETY PRESSURE RELIEF 
CLEANER OR STRAINER 
HIGH SUPPLY PRESSURE TRIP SWITCH 
LOW SUPPLY PRESSURE TRIP SWITCH 
PRESSURE GAUGE 
MANUAL SHUTOFF 
MANUAL SHUTOFF, SUPERVISORY 
LOW BURNER HEADER PRESSURE TRIP SWITCH 

. Typical Fuel Supply System for Natural Gas-Fired Multiple Burner Boiler- 
Furnace — Manual. 



S 



Reproduced with Permissiort 
Pig. 5-19 of the N.F.P.A. 



ERIC 



132 



system to a condensate receiver. This Is replenished with 
treated water as required and puraped back into the boiler, or 
to a feed water heater, then tc the boiler, depending on the 
size of the plant. As mentioned previously, for high pressure 
boilers, that r.art of the feed water piping between the 'ooiler 
feed water header, or main, and the boiler comes under tlie 
cognizance of the ASMH Boiler Code for High pressure Boilers. 
The Code also requires a secondary source of feed v/ater to be 
permanently connected to the boiler in the event of failure • 
of the boiler feed purap. 



Pi:i^-:?box Insr action 

Prior to firing, an inspection should be made of the firebox 
for s-iip]inj damaije to the refractory. After tests required by 
the contract have been completed, the boiler, should be cooled 
do^vn and the firebox re-inspected for signs of flame impinge- 
ment or any signs of i)remature failure. 



Clegnirg 

Boilors need to he "boiled out" with a cleaning solution to clean 
out oil, mill scale and other impurities. Each company has its 
c\?n fcrnula and procedure v/hich should be followed. 



Boil 'r 7ater Treatment 

A program for treatment of the boiler water should be started 
Imnied lately following the cleaning procedure. Hany times it is 
ov'cjr looked in the contract as to who is responsible for treat- 
ment, so this should be settled before the boiler is filled the 
fii^st time. It must never be left standing cold any period of 
time partly filled with watfer as corrosion will start to work 
at the v/ator line. If the boiler is needed for temporary heat 
by the contractor, this should be agreed to by the owner and 
architect. If it is to lie idle after the tests and initial 
firing, it can be layod up "v/et" (full of water) with treat- 
ment added to t]- j^vrtor as recommended by a consultant. 



Uniform Mechanical Code Reference 

Section 507 - Labeling of Gas Appliances 

Table 5a- Installation Clearances 

Section 601 - 607 - Combustion Air Requirements 



Footnote 1. Reproduced by permission of McDonnell and Miller, Inc 
Chicago, Illinois. 
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6^ HBAT EXCHANGjIRS 

Heat exchangers in heating and ventilating work are used to 
heat water with steam, heat or (cool) water with water, cool 
water with refrigerant, and as refrigerant condensers • They 
are manufactured with U-shaped tubes or straight tubes; the 
latter with fixed or floating tube sheets. Heat exchaiTgers 
are also arranged for 1, 2, 4 or 6 passes, that is, the number 
of times a particle of liquid moving through the tubes travels 
the length of the exchanger. The nxamber, length and diameter of 
the tixbes, and the number of passes is dictated by the heat trans 
fer rate required. Baffles are sometimes used in the steam inlet 
to prevent impingement of moisture on the tubes. 

Construction Details 

Pig, 6-1 shows a U-tube exchanger used for heating water v/ith 
steam. Steam enters through the large flanged nozzle at the top 
and follows a zig-zag path through the bundle to the outlet at 
the opposite end in the bottom. The connection on the horizontal 
centerline at the drain end is for a vacuum breaker or thermo- 
statically operated air vent. 

The half-moon segments (refer to Pig, 6-2) hold the tubes on the 
proper centers and also act as steam baffles to force the steam 
to flow across the tubes as it travels towards the outlet. Of 
course, the steam is condensing as it gives up its latent heat 
to the cold tubes, and the baffle plates are cut away on the 
bottom to permit movement of the condensate. The baffle tube 
supports are held in place v/ith tie rods (Pig. 6-2). The open 
end of the -tubes are rolled into the tube sheet which is held in 
TDlace between the shell flange and the head. Pig. 6-3 shows a 
straight tube, fixed tube sheet design. The tube bundle cannot 
be withdrawn, so tubes are cut out and removed individually for 
replacement as required. The tubes can be cleaned by rodding 
out, but this style cannot be used for wide temperature differ- 
ences. Pig, 6-4 shows a straight tube design with floating head, 
which can be rodded out, and the tube bundle can be withdrawn. 



Heat exchangers come under the ASME Code for Unf ired Pressure 
Vessels, and must bear the Code Stamp: JT^^^ • The following 
are good installation instructions, 
prepared by Bell and Gossett Company, 



Code for Unf i] 

■ ® 



1, Provide sufficient clearance at the stationary tube sheet 
end of the unit to permit removal of tube bundles from 
shells. On the packed floating tube sheet end, a space of 
3 or 4 feet should be provided to permit the removal of the 
rear head, packing and retainer rings, 

2, Provide valves and by-passes in the piping system so that 
both the shells and trbe bundles may be by-passed to permit 
cutting out the unit for inspection or repairs, 

3, Provide thermometer wells and pressure gauge connection in 
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Pig. 6-2 
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all piping to and from the unit and located as near the unit 
as possible. 



4* Provide convenient means for frequently cleaning the unit. 

5. Provide necessary air vent cocks for units so they can "be 
purged to prevent or relieve vapor or gas binding of either 
the tube or the shell sides. 

6. Foundations must be adequate so that exchargers v/ill not 
settle and cause piping strains. Foundation bolts should 
be set to allov; for setting inaccuracies* In concrete 
footings, pipe sleeves at least one size larger than bolt 
diameter slipped over the bolt and cast in place are best 
for this purpose, as they allow the bolt center to be ad-, 
justed after the foundation is set. 

7. Loosen foundation bolts at one end of unit to allow free 
expansion of shells. Oval holes in foundation brackets are 
provided for this purpose. 

8. Set exchangers level and square so that pipe connections 
may be made without forcing. 

9. Inspect all openings in exchanger for foreign material. 
Remove all wooden plugs and shipping pads just before in- 
stalling. Do not expose units to the elements with pads or 
other covers removed from noszles or other openings since 
rain water may enter the unit and cause severe damage due 
to freezing. 

10. Be sure entire system is clean before starting operation 
to prevent plugging of tubes with sand or. refuse. The use 
of strainers in settling tanks in pipe lines leading to the 
unit is recommended. 

11. Drain connections should not be piped to a common closed 
manifold* 

12. Steam hammer can cause serious damage to the tubes of any 
heat exchanger. A careful consideration of the following 
points before an installation is made can prevent costly 
repairs which may be caused by steam hammer. 

a. A vacuum breaker and/or vent, should be used in accord- 
ance with the type of steam system installed. 

b. The proper trap for the steam system installed should 
be used. 

c. The trap and the condensate return line to the trap 
should be properly sized for the total capacity of the 
convertor. 

d. The trap should be sized for the pressure at the trap, 
not the inlet pressure to the steam controller. 
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The rate of water flow should be checked for agreement with the 
design, but should not exceed 7.5 feet per second tube velocity, 
as higher velocities will cause tube erosion and vibration. 
Tube velocity can be found from Table 6-1 which shows the veloc- 
ity obtained with 1 gpm of flow through various sizes and weights 
of tubes. The velocity varies directly with the gpm through the 
individual tubes. An excessively high steam velocity entering 
through the nozzle will also cause vibration of the tubes between 
the tube spacers and wear a hole at the point of contact between 
the tube and spacers. Pig# 6-5 shows the allowable steam veloc- 
ities at various pressures at the steam inlet. The velocity can 
be calculated from the formula: 

Q - A X V; V « Q 

Where Q - lbs of steam per sec x sp volume of steam at inlet 

pressure 

A = area of nozzle, sq ft 

V - velocity- fps 

Excessive steam flow can result if the control valve is over- 
sized arxd there is a heavy demand on the exchanger o The steam 
line supplying the condenser should be the same size as the noz- 
zle connection to reduce the steam velocity and reduce erosion 
from entrained moisture. The condensate outlet also must be 
piped full size to the trap to allow unrestricted flow, with the 
trap located well below the shell. At times of low or no steam 
flow, a slight vacuum is formed in the shell, holding up the 
condensate. This can be detrimental to the tubes (see page 
and is prevented by ^use of a vacuum breaker connected to the 
shell. A thermostatic air vent valve is also connected to Ihe 
shell for getting rid of air and ncnoondonsible gases. 



-rc from the steam tables (in appendix) 
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Tubing Characteristics 



O.D.ef 
Tubing 


BWG 


Thickness 


/ usidc 
Diameter 


Surface Ex- 
ternal, Sq. 

ft. Per Lin- 
ear Foot 


Length in 
ft. for 1 
Sq. ft. Sttr* 
face 


IVatcr-CPM 
at 1 Ft. 
Per Sec. 
Vclocitv 


H' 


16 


.065 


.495 


.1636 


6.112 ^ 


.60 


17 


.058 


,509 


.1636 


6.112 


.63 




18 


.049 


,527 


.1636 


6.112 








035 


sss 


1636 




.73 . 


H' 


16 


.065 


.620 


.1963 ' 


5,094 ' 


.94 


17 


.058 


.634 


.1963 


5.094 


.98 




18 


.049 


.652 


.1963 


5.09+ 


L04 






03 S 








1 x-K 




16 


.065 


-» .745 


.2291 


4.367 


1.36 . 




.038 


.759 


.2291 


4.367 


1.41 




1 


.049 


.777 


.2291 


4.367 


1.48 




20 






22Q1 






r 


16 


.065 


.870 


.2618 


3.817 


1.S5 




17 


.058 


.884 


.2618 


3.817 


1.91 




lo 


.wy 




.ZOlo 


3.817 


1.99 




1 20 


.035 


.930 


.2618 


3.817 


2.12 



Table 6-1 
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7.. COOLING AND HEATING COILS 



General 

The- air in air conditioning systems is heated, cooled and de- 
humidified by passing it through coils consisting of rows of 
tubes bonded to aluminum or copper fins. Hot or cold v/ater, 
steajn, or a refrigerant circulates through the tubes. The 
tubing elements (the primary surface), are usually 5/8" od 
copper tubing, and the fins (the secondary surface), are usually 
spaced not more than 12 to the inch. The fins may be flat or 
ripple shaped and are formed to fit tightly around the tubes. 
Fig, 7«1 shows general views of various coil types. Pig, 7-2 (a) 
shows the details of fin construction and attachment to the coil 
header and Fig, 7-2 (b), a section of a removable he ader which 
permits access to be tubes for cleaning water passages. Coils 
are manufactured in many different arrangements of the number of 
rows deep and the arrangement of the circuits. Pig» 7-3 shows 
coil circuiting diagrams for water coils, and Pig, 7-4, for 
direct expansion coils. Approved submittals for coils often 
state the circuiting as "half serpentine", "double serpentine",- 
etc, and should be checked by the inspector before installing. 



Water Coil Connections 

Another important point to check, is the supply and retiorn piping 
connections v/ith regard to the air flow for water coils. Coils 
are • constructed as right or left hand; the hand beiJTg determined 
b;r facing the direction which the air is flowing and designating 
the coil connections as either left or right hand. This is 
illustrated in Pig# 7-5 for even and odd members of rov/s. In 
order to develop the designed heating or cooling capacity Lhe 
incoming hot or cold water must be connected on the air leaving 
side of the coil, and the return, water on the air entering side 
of the coil. Since the inlat is always on the bottom and the 
outlet is on the top, the coil ends will, look like Pig, 7-6 for 
right hand and left hand styles-. If the wrong hand coil is 
ordered and delivered to the job it will have to be tui*ned end- 
for-end which will cause problems in relocating piping, control 
valves, etc. Some coils are furnished with two sets of connec- 
tions on one end in which case this difficulty will not arise. 
Each coil should have a means of venting air from the top, and 
have some provision for completely draining it. 



Cooling Coil Condensate Removal 

Cooling coils extract copious amounts of water from the air 
during the cooling and dehuLmidif ication process and provision 
for collecting and disposing of the condensate must be considered* 
Cooling coils stacked on top of each other should have a gutter 
at tho bottoin of each coil to prevent loadinr- the lo*.ver coils. 
Coil face velocities are usually designed for 500-600 fpm to pre- 
vent carryover of condensate past the coil face. The bottom coil 
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should be mounted in a drain pan extendirg approximately 12" 
from the coil face, unless the cold plenum floor is water tight 
and has a floor drain. Chilled water piping penetrations of the 
plenum surrounding the coil need to be air tight to prevent con- 
densate from being blown out into the fan room. 



Steam Heating Coils 

Steam coils are constructed and specified with the two arrange- 
ments for introducing steam and removing the condensate sho^m 
schematically on Pig. 7-7. In Pig. 7-7 (a), steam enters one 
end and is distributed to the various rows through a common 
header. The rows are pitched down to the opposite end for the 
condensate to run out. In Pig. 7-7 (b), a tube-within- a- tube 
is used where the steam flows through the inside tube, which is 
perforated at intervals, to the far end. The steam and conden- 
sate then flows back to the condensate outlet. . Regardless of 
the tube construction the steam inlet is always at the mid point 
of the coil and the return is always on the bottom. 



Piping Connections for Steaia Coils 

Pigs. 7-8 and 7-9 give application recommendations and piping 
hook-ups for different coil positions and arrangements by one 
manufacturer^, but are generally standard for the industry. 
The coil numbers refer to the designs shown ^in Pig. 7-7. 



Pressure Tests and Ratings 

Water and direct expansion coils are factory pressure tested 
and are suitable for 250 psig working pressure. Steam coils 
are rated up to 150 psi for standard coils. (These figures may 
vary with different manufacturers). It is not advisable to 
include coils (or any other equipment or valves) in a piping 
pressure test. 

The Air Conditioning and Refrigeration institute (ARI) has set 
up standards for rating and testing coils (Standard 410-64). 
Pig. 7-1 (c) shows the ARI^ certification seal. 

Refer to Uniform Mechanical Code, Section 510, for cooling coil 
condensate waste "requirements. 
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pig. 7.1 

1. HEADERS Extra heavy seamless copper 
tubing. Tube holes are intruded to provide 
the nnaximunn brazing surface for added 
strength. Header end caps are heavy gauge 
die forrned copper. Cupro-nickel headers 
and Monel end caps are available for special 
applications. 

2. CONNECTIONS - Top and bottom con- 
nections provided on headers permit coil 
to be used for either right or left hand air 
flow. 

a. Water Coif Conn. Steel male pipe supply 
and return connections (Other materials 
available on request). 

b. Evaporator Coil Conn. Male Sweat type. 
Liquid connections are brass and suction 
connections are copper. 

3. BRAZING- All joints are brazed with 
copper brazing alloys. 

4. PRIMARY SURFACE 5/8" O.D. round 
seamless copper tubes on 1-1/2" centfirs. 
Cupro-nickel tubes are recommended for 
applications where high acid or sand con- 
tent tends to be corrosive or erosive. 

5. SECONDARY SURFACE • Hi^F rippled 
aluminum or copper die formed plate type 
fins. 5a Fin collars are full drawn to com- 



pletely cover the tubes for maximum heat 
transfer and to provide accurate control of 
finspacing. 

6. CASING - Die formed heavy gauge con- 
tinuous galvanized steel with reinforced 
mounting flanges (Other materials available 
on request.) Tie bars and fin angles brace 
and position the core assembly to prevent 
damage in shipment. 

7. REM0VABLE HEAD AND WATER BAF- 
FLES - The removable head, formed from 
1/4" thick hot rolled steel, is bolted to the 
tube sheet by 9/16" bolts. Four tapped holes 
are provided in the flanges for jack screws 
which facilitate removing the head. 

8. TUBE SHEET- 1/2" thick hot rolled car- 
bon steei. Tube holes are drilled and reamed 
to provide a smooth surface for the tube. 

9. TUBE SHEET TO TUBE JOINTTubes 
are rolled tight into the tube sheet without 
the use of ferrules which prevent proper 
draining and cleaning. 

.10. GASKETS Composition cork and neo- 
prene gasket around the perimeter of the 
head and a neoprene gasket between the 
water baffles and the tube sheet provide 
positive sealing and long life. 
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(7-2b) 



COIL CIRCUITING DIAGRAMS-WATER COILS 



AIL WATEt COILS AIE COMPLETELY ORAINABLE BY GRAVITY THROUGH THE DRAIN PLUG IN 
THE SUPPLY CONNECTION. THE DIAGRAMS ON THIS PAGE SHOW THIS DESIRABLE FEATURE. 



STANDARD 
SERKNTINE 

The number of 
water circuits is 
the number of 
tubes contained 
in the width of 
the coil. 



O 
o 

o 

o 

o 

o 

o 





1 ROW 



3 ROWS 5 ROWS 

HEADERS OrPOSITE END 



1^ 




3 ROWS 



4 ROWS 

HEADERS SAME END 



6 ROWS 




» • 

HALF 1^ 
SERPINTINE 

The number of 
water circuits is kjto 
one-half the num- 
ber of tubes con- 
tained in width 

of the coil. Used to increase water velocity when ard number of circuits. Increasing water velocity 
it becomes less than 0.5 ft. per second with stand- increases heat transfer capacity. 




3 ROWS S ROWS 

HEADERS SAME END 



3 ROWS 



4 ROWS 

HEADERS SAME END 



6 ROWS 



DOUBLE SERPENTINE 

The number of water circuits is 
twice the number of tubes con- 
tained in the width of the coil. 
Used when the water velocity ex- 
ceeds the value which may result 
in an excessive pressure drop 
(head) . 




4 ROWS 
HEADERS SAME END 




6 ROWS 
HEADERS OPPOSITE END 



ezrz: 













• ROWS . 
HEADERS SAME END 
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c COIL CIRCUITING DIAGRAMS- 



Direct Expansion Coils 



DIRECT EXPANSION COILS ARE CIRCUITED FOR THE REFRIGERANT TYPE SPECIFIED, 
CfRCUITING ARRANGEMENTS SHOWN ARE FOR REFRIGERANT 12 ONLY. 



STANDARD 
SERPENTINE 

Any number of 
tvbe$ wide. 
Number of cir- 
cuits is the same 
as number of 
tubes wide. 




4 ROWS DEEP 




5 ROWS DEEP 



6 ROWS DEEP 



7 ROWS DEEP 



e ROWS DEEP 



HALF SERPENTINE 

Any even number of tubes wide. 
Number of circuits is one-half 
the number of tubes wide. 





4 ROWS DEEP 



5 ROWS DEEP 



6 ROWS DEEP 



8 ROWS DEEP 




FACE CONTROL is con- 
trol of separate portions 
of the coil with two or ' 
more thermal expansion 
^ * t^'^i^ « valves. Advantages are 
^ ^ better control and more 

dehumidifying of the air 
at low loads. Sometimes used instead of face and 
by-pass dampers on air conditioning units. 

Any coil may be circuited for face control regard- 
less of the number of tubes wide or rows deep. 

Pig I 




3^ '^/A/^. I DEPTH CONTROL is con- 
^vS?-'^^^'^' a trol with two or more 
expansion valves in depth. 
Used to shorten the circuit 
^ length of a Coil and, there- 
^ ^ -^"^ - by, reduce the refrigerant 
pressure drop. 

Any coil may be circuited for depth control re- 
gardless of the number of rows deep. The 
Percentage of Total Load Table on page 83 shows 
how the load will be divided. 
7-4 



HAND 
ARRANGEMENT 
FOR COILS 
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OIRECnON OF AIR FLOW 
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H33n3 REfURN 



SUPPLTBECO 
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DIRECTION OF AIR FLOW 
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6 ROW Coil hand is determined by fac- 
RIGHT HANQ ing the ditection which the air 
WATER cotl is flowing and designating Coi] 

connections as either right or 

left hand. 
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5 now For coils with opposite end con- 
RIGHT HAND nections. Coil hand is determined 
WATER COILS by the return header location. 



Fig. 7-5 
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Select McQUAY Hl-F 5 and Hl-F 8 Steam Coils from 
three different circuiting arrangements: the general 
purpose 5SA and 5SB coils, and two jet tube steam 
distributing styles - the 5JA and 8JA and the 5RA 
and BRA coils - intended for both general and special 
purpose heating. While each of these arrangements has 
been carefully designed to serve a particular area in 



steam coil application, sufficient similarities are 
present in design and performance to render them in- 
terchangeable in many cases. 

McQUAY steam coils provide a higher performing 
heat transfer surface together with a host of exclusive 
McQUAY features that assure extended coil life. 



5SA & 5SB GENERAL PURPOSE STEAM COILS 



The McQUAY 5SA and 5SB steam coils are specifical- 
ly designed for economical general purpose heating. 
Featuring high quality and high capacity, they are an 
ideal choice for all regular steom applications — heat- 
ing, reheating, booster and process use. 

The sectional diagram illustrates the steam cir- 
cuiting of this single tube design. A perforated plate 
type steam baffle directly behind the supply connec- 
tion ensures even steam pressure across the entire 
header length. Inlet tube orifices meter a uniform flow 
of steam into each tube. 
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5JA & 8JA JET TUBE DISTRIBUTING COILS 
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(b) 



The McQUAY 5JA and 8JA jet tube steam distributing 
coils are excellent for any general purpose heating 
applications. With the superior freeze resistance pro- 
vided by the tube-within-a-tube construction, they are 
ideal 'for low temperature preheating and special pro- 
cess application. 

The construction, as illustrated, features directional 
orificed inner tubes, a unique eliptical supply header 
located inside the heavy duty return header and a cir- 
cuiting arrangement which provides both supply and 
return connections at the same end of the coil. 



5RA & 8RA JET TUBE DISTRIBUTING COILS 



The 5RA and 8RA jet tube steam distributing coils 
ore very similar in design and operation to the *'JA" 
coils except that supply and return connections are 
located on opposite ends. 

The directional orifices properly meter steam along 
the entire tube length to ossure a consistont tempera- 
ture rise across the full coil face and occelcrate con- 
densate removal. This important feature is standard 
on all McQUAY jet tube steam distributing coils. 
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PIPING DATA 



APPLICATION RECOMMENDATIONS 



Sotisfactory operation and service life are best ensured when coils 
ore installed with proper piping, ffrop^ and support orrongement. The 
following notes and diagrams are recommended: 



5. 



A. GENERAL 

1. Provide separate supports and hangers for the coil 
and for the piping. 

2. Be certoin that adequate piping flexibtlity is pro- 
vided. Stresses resulting from expansion of closely 
coupled piping and coil arrangement can cause 
serious damoge. 

3. McQUAY standard coils are pitched In the casing 
when installed for horizontal air flow. The install- 
ation should be checked to ensure that the costng 
is level. 

On vertical air flow applications, the coils must be 
pitched when installed. 

4. Do not reduce pipe size at the coil return connec- 
tion. Carry return connection size through the dirt 
pocket, making the reduction at the branch leading 
to the trap. 

It is recommended that vacuum breakers be install- 
ed on all opplications to prevent retaining conden- 
sate in the coil. Generally the vacuum breaker is to 
be connected between the coil tnlet and the return 
main, as shown. However, for a system. with a 
flooded return main, the vocuum breaker should be 
open to the atmosphere end the trop design should 
allow venting of large quantities of air. 

6. Do not drip supply mains through the coil. 

7. Do not attempt to lift condensate when using mod- 
ulating or on -off control. 

B. TRAPS 

1. Size traps in accordance with manufocturers' recom- 
mendations. Be certoin that the required pressure 
differential will always be available. Do not under- 
size. 

2. Floaf and thermostatic or bucket trops ore recom- 
mended for low pressure steam. On high pressure 
systems, bucket traps are normally recommended. 
Thermostatic traps should be used only for air 
venting. 

3. Bucket traps are recommended for use with on -off 
control only. 

4. Locote traps at leost 12 inches below the coil re- 
turn connection. 

5. Multiple coil installations: 

a. Each coil or group of colls that is individually 
controlled must be individually trapped. 



b. Coils in series » separote traps are required for 
each coil, or bank of coils, in series. 

c. Coils in parallel - a single trap may generally 
be used but an Individual trap for each coll Is 
preferred. 

C. CONTROL 

1. With coils orranged for series air flow, a separate 
control Is required on eoch bank, or coil, in the 
direction of air flow. 

2. On high pressure installctlons, a two position steom 
volve with o face and bypass arrangement is pre* 
ferred where modulating control is required. 

3. Modulating valves must be sized properly - Do not 
oversize. 

D, FREEZING CONDITIONS 

(Entering Air Temperature Below 35F)« 

1. 5JA,8JA, 5RA and 8RA Coils are definitely recom- 
mended. 

2. 5 psi steam must be supplied to coils ot all times. 

3. Modulating valves are not recommended. Control 
should be by means of face and bypass dampers. 

4. Consideration should be given to the use of two or 
three coils In series with two position steom con- 
trol valves on that coil or colls which will be hondl* 
ing 35 F, or colder, air. The desired degree of con- 
trol con be attained with a modulating valve on the 
downstream coil. 

5. Provision should alwoys be mode to thoroughly mix 
fresh air ond return air before it enters coll. Also, 
temperature control elements must be properly lo- 
cated to obtain true air mixture temperatures. 

6. As additional protection against freeze-up, the trap 
should be instolled sufficiently for below coil to 
provide on odequote hydrostatic head to ensure 
removal of condensate during on interruption in the 
steam pressure. Estimate 3 feet for each 1 psi of 
trap differential required. 

7. On s^art up, uunitt steam to coiKten minutes before 
admitting outdoor air. 

8. Provision must be made to close fresh air dampers 
if steam supply pressure foils below minimum 
specified. 
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CONTROL VALVt. V.ODULATtNG 

TWO POStnc:; 



SYMBOLS FOR PIPING ARRANGEMENTS 



J-tOAt- AND 
TH£?.V'.»SrATrC TRAP 




low PRESSURE (TO 25 PSJ) 



#5JA or 8JA Coil tnstaffed with 
tubes verttcoL The coil supply 
piping nusf be dripped ahead of 
the coil on an instoilotion of this 



*5RA. 8RA, 5SAor 5S5 Coil installed 
for verticol oir (Jow. Installer must 
pitch coil toward the return con- 
nection on verticol air flow instolt^ 
otions< For horizorral oir flow in- 
stoUotion^ the re^Jired pitch is 
built into the casing. 

*NOTE'; Roifng doto •» ARi Certified only for 
the stondqrd ARI Coil Orientotion, i.e. 
horizontal tubes, verticol mil foca ond 
horizontol oir flow. 
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PIPING DATA 



LOW PRESSURE (TO 25 PSi}- 



STCAV MAIN 




5JA or 8JA Coil instoiUd in 
series. Note thot eoch coil must 
hove o seporote control volve 
ond trop. 



♦ 5SA or 5SB Coils 
instolled with tubes verticol. 
Diogrom shows single trop, how* 
ever, it is olwdys preferoble to 
trop eoch coil individuoJIy. 

♦ NOTE: 

Roting doro Is ARl Certified only 
forth« slondordARI Coil Orientotion, 
i.e. horizentol tubes, verticol coil 
foce ond hortzontol air flow. 





5RA, 8RA, 5SA or 5SB Coils 
bonked three high by three deep, 
Individuol tropping of eoch coil 
OS shown is preferred. Note thot 
it is necessory to provide a 
seporote control volve for eoch 
bonk in the direction of oir flow. 



HIGH PRESSURE (OVER 25 PSI) 




Cooling and Heating Coll Pointers ; 



1# Protect finned colls with plywood during construction* 

2. Never run air through colls without flltars In place, 

3« Tight closure between the coll frame and plenum* 

4« Tight closure between the hot and cold plenum so air cannot 
be exchanged between the two. 

5. Colls plumb and level# 

6# Air vent valves and drain valves are installed^ 

7. piping connected for counterflow. 

8. Damaged fins to be straightened with a "comb'*, 

9. Tight air seal around piping entering pleniim* 

10# Piping supported so that no load Is imposed on coils. 

11 • Unions or flanges are Installed In piping to allow discon- 
nection for coil removal • 

12* Coil ends protruding from plenum to be insulated, with vapor 
barrier* 
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8. PUMPS 



This section will discuss the various types of designs of pumps 
associated with heating and ventilating plants; some of the 
details of their construction; proper installation methods, 
and testing procedures. 



Pump Types 

The pump typos used the most in heating and ventllatliig v/ork 
ai^e the centrifugal, regenerative, axial flow, and rotary de- 
signs. The centrifugal piamp is produced with a volute shaped 
casing which converts velocity head to pressure he ad , or the 
diffuser type which uses diffusion vanes around the impeller 
to ma]-:e the conversion. 

Drawing Fi^, S-1 is. a schematic diagram of the volute centrif- 
ugal, v/hich is not unlike a backward inclined bladed fan, 
7/ater enters through the eye of the impeller and is thrown by 
centrifugal force at a high velocity around the annular space 
between the impeller and casing and out through the discharge, 
A section of a dif fuser-type centrifugal pump is shown in 
Fig. 8-2, 7/here the v/ater is thrown through the diffusion vIdq 
and around the casing to the discharge. Note the difference 
in the exterior shapes of the casing; volute vs concentric. 
Axial flov;, mixed flow and radial flov/ pumps are used for low 
he ad , hirh flow applications such as moving condensing v/ater 
throxigh cooling towers and refrigeration condensers. These 
are ver+*-ically mounted and take suction from a basin or sump* 
Fig. 3-4 shows tho impeller shapes and salient features and 
Fig. 3-5 the general arrangement of a mixed flow pump, which 
is typical for all three styles* Fig. 8-3 illustrates the re^ 
^generative type, in which the liquid is acted on by the Impel- 
ler for no^^rly a full revolution as it circulates in and out of 
th3 impeller vanes. The rotary type pumps are various arrange- 
in;^nts of casings containing gears, vanes, pistons, cams, seg- 
ments or screws. 

Typical pump curves for centrifugal, regenerative, and rotary 
(gear) types are shown in Figs. 8-7, 8-8 and 8-9. . As an 
example of an actual aprjication for the centrifugal pump. 
Fig. 0-7, "A" is the shut-off condition of highest head and 
no-flo-v; point "B" is a throttled flow condition; point "C" 
the design condition where the system friction curve crosses, 
and point "D**, a condition v/here the friction head has been 
drastically reduced (as a line break)* 



Lie chanic al Fe atur e s 

Sinco piunpp op^^rato at liigh j^'re )ds, high pressures and tempera- 
tures, and have cloce working clearances, the better pumps are 
fitted with certain replaceable parts that extend their useful 
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EXTERNAL SCREW TYPE 




HELICAL GEAR TYPE 




SLIDING VANE TYPE 




SWINGING VANE TYPE 
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SPECIAL VANE TYPE INTERNAL GEAR TYPE 



Pig. 8-6 Reprinted from HYDRAULIC INSTITUTE 
STANDARDS, 12th Edition, Copyright 
1969, by Hydraulic Institute, 122 
East 42nd Street, New York, New York, 
. 10017. 
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life and increase their efflciancy. Pig. 8-10 is a crossection 
of a single stage volute centrifugal pump where the encircled 
Zone "A" shows where the impeller turns inside the casing. 
There, necessarily, must be , a very small clearance between the 
two, otherwise the high pressure fluid would leak through to 
the lov/ pressure side* Wlien this clearance has increased past 
the allowable limit because of erosion, abrasion, etc, a new 
wearing ring (piece 7) can be installed, restoring the original 
close clearance. The impeller can also be furnished with v/ear- 
ing rings as shovm in the enlarged detail. As shown in Pig. 8-10, 
many rows of packing are used at each end of the basing to pre-' 
vent water from leaking out around the shaft. This arrangement 
is called a "stuffing box". A gland is drawn inward by bolts 
attached to the ptimp housing and compresses the packirg to ob- 
tain the desired tightness around the shaft* 

If the packing is tightened too much, it will cut grooves in 
the shaft, v/hich causes more leakage as well as increasiiig the 
load on the motor. If not tightened sufficiently, leakage will 
be excessive, though some flow (40-60 drops/minute) is neces- 
sary to lubricate and cool the packipg . Experience and skill 
on the x>art of the operator in choosing the proper packing and 
adjusting it is important. Replaceable sleeves over pump shafts 
are used to protect them from packing wear as well as general 
erosion and corrosion. The mechanical shaft seal (Pig. S-10 (B)) 
is a popular type of seal that does not use soft packirg or re- 
quire any adjustment once installed. Basically, it consists of 
two smooth polished surfaces held against each other by com- 
pressed springs, forming a closely fitting interface. A small 
amount of moisture seeps in between the faces (on3 fixed, one 
rotating) which is needed to lubricate and cool the surfaces. 
A properly operating mechanical seal v:ill not throw liquid while 
turning. Some of the materials used are monel, stainless steel, 
carbon, and porcelain, depending on the application. Mechanical 
seals are damaged by rust, mill scale or abrasive dirt usually 
encountered in now piping systems. They are also affected by 
the pH of the water*. Packed seals and mechanical seals are 
easily distinguishable on a pump; the former has 2 stud bolts 
and the gland for "squeezing" th^ packing, v/hereas the mechani- 
cal seal has a solid plate around the shaft v/ith cap screws 
which hold the seal in place. 

If a pump is operating on a suction lift, v^c^.tor under presciire 
is injected into the stuffing box by means of lantern ring or 
\vater seal cage (Pig. 8-10) xvhich seals the chainber and prevents 
air from leaking into the pvimp. There are al^^o arplications in 
heating systems v/here puinps handle water ovov 250^ P v/lier3 en 
outside source of cooling v;ator is ripec3 into th.; stuffing box, 
keeping the rackin.;; lubricate*' and cool. Flz* C-H sho\v::> eii- 
larged details of a rnoch' nical se^.l and a y.aoV.od gland. 



Pump Poundatlons 

Pumps are usually zet on concrete pads and bolted down Iv* L 
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LANTERN RING 




DETAIL "A" 



22 BEARING LOCKNUT 

24 IMPELLER NUT 

29 UNTERN RING 

31 BEARING HOUSING 

32 IMPELLER KEY 

33 OUTBOARD BEARING HOUSING 
35 BEARING COVER 

37 OUTBOARD BEARING COVER 

MA WATER DEFLECTOR 

:40B GREASE DERECTOR 

.41 BEARING CAP 

46 COUPLING KEY 

62 OIL THROWER 



Zone A— Alternate impeller 
ring subassembly 

Zone B— Alternate mechanical 
shaft seal subassembly 




24 81 



63 STUFFING BOX BUSHING 
65 MECHANICAL SEAL STATIONARY ELEMENT 
68 SHAFT COLLAR 
69A BEARING LOCKWASHER 
73A CASE GASKET (NOT SHOWN) 
73B BEARING COVER GASKET 
730 SEAL GLAND GASKET 
80 MECHANICAL SEAL ROTATING ELEMENT 
80A SET COLLAR (MECHANICAL SEAL) 
107A OIL SEAL 

125 OIL CUP (CONSTANT LEVEL OILER) 
127 SEAL PIPING 



DETAIL "B" 



Fig. 8^10 



lA LOWER CASING 
IB UPPER CASING 
2 IMPELLER 

6 SHAFT 

7 CASING RING 

8 IMPELLER RING 

13 PACKING 

14 SHAFT SLEEVE 

16 BEARING 

17 GUND 

17B GLAND BOLT 

18 OUTBOARD BEARING 
20 SHAFT SLEEVE NUT 
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shaped anchors, Tliese are set inside pipe sleeves placed ±n 
the pad form prior to being filled with concrete. Separated 
pumps and motor units are mounted on a case iron or structural 
steel bed plate designed to be filled with grout. Introduced 
through lai^G^ grout holes. This base is set on wedges high 
enough to ::ermit a grout base of 1" to 2" thick and bolted to 
the pad, 11th the flexible coupling in the drive shaft dis- 
connected, the puinp It connected to its piping, then the motor 
is positioned so that the flexible coupling is aligned, A 
fcri!i ic then placed arciind the pump base to retain the soft 
grout 'vhich Ir.: a non-shrinking type and is pumped in and rodded 
to fill all voids. Before the grout has completely hardened, 
the foriri I2 rem.ov^^d and the wedges dug cut sufficiently for 
later renioval. After the pump has operated at its normal tem- 
perature ,. final alignment is checked again and the pvimp and 
motor dcv/el^d in place. This is the procedure recommended by 
the Hydraulic Standards Institute, but the manufacturer's 
instructions should be followed in case of conflict. 



Piping Connections 

Ono of the biggest factors in the performance of a pumpirxs sys- 
tem is the manner in which the pump suction and discharge piping 
has been designed and installed, A single line drawing or a 
schematic diagram of the piping layout sometimes leaves consider- 
able latitude and Judgement up to the installer, v/liich can lead 
to problems if certain principles are not observed. 

As v/ith fans, the suction piping to pvrnips is critical not only 
from the standpoint of striving for non-turbulent flow at the 
inlet but also keeping the suction free of air or other vapors. 
Since the suction piping size is usually 1 or 2 sizes greater 
(and never smaller) than the pump connection, a reducer is 
necessary. Connections using a reducing tee or concentric re- 
ducer similar to Pigs, 8-13 and 8-14, will form air pockets and. 
cause the pump to lose its prime,, and also act to reduce the 
effective cross sectional area of the pipe. Pigs, 3-15 and 
8-lC show the recommended connections usiiig eccentric reducers. 
Also, if the suction line is generally horizontal, it should 
slope upwards to the pump and not have a high point or hump 
between the source and the piimp. In order to avoid a turbulent 
flow of the fluid at the pump inlet, a connection using a .long 
radius elbow (rather than a short radius) in the vertical plane 
is the preferred method (Pig, 8-17), Suction pipir^g led into 
the piimp in ^ the horizontal plane should also have the long 
radius elbow and a straightening section at least 2 diameters 
long to straighten out the streamline. Pig, 8-13), This is 
particixlarly important for double suction pumps, to assure equal 
flow to both sides of the impeller and equal loads on the thrust 
bearings, FIq. 3-1^) depicts an Incorrect arrangement. 

The pump suction inlets in basins or sumps, as in coolin^^ towers 
or hot v/ells, are critical regarding the shape of tlie inlet and 
the location ^;^dth respect to the bottom and v/alls of the sixmp. 
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other factors are the proximity of multiple suction lines and 
the velocity and direction of the incoming water supplying the 
sump. The submerged intake should be fitted with a bell- 
mouthed inlet to reduce the intake suction loss and provide a 
full cr OS sectional area flow of v/ater to the impeller inlet. 
It has been found that distiirbing vortices and eddy cxirrents 
around the suction pipe inlet, can be avoided by proper design 
of the sump enclosure, and by holdin; the hoi^t of the intake 
bell within certain limits. Pig. 3-20 shows a design for a 
single pump suction. The height of the bell intake is the most 
critical (l/2 to 1/3 of the diaineter); a hi^jher location will 
reduce pump efficiency^ The Hydraulic Institute Standards 
(Pig. 8-22) shows recommended srmip arrangemsnts as well as 
designs not reconnnGnded. 

The size of the suction and discha-ge pipinrr isi not necessarily 
the size of the puinu connections; in fact, it is usually 1 or 2 
pipe sizes larger. However, the valves, strainers and fittings 
directly connected to the puinp may be eithar size, so the piping 
drawing should be very carefully checked. The designer may 
specify the valves and fittings to, be the same size ac the pump 
connections for raaoonr. --^ economy; *n which case the assembly 
should be closed coupled and compact, without unnecessarily 
long runs of connecting piping in between components, v/hich add 
considerably to the friction loss. If an increaser is shown 
directly at the pump suction and discharge, the valves and fit- 
tings are intended to be full line size. ' As stated be'fore, the 
suction piping should be connected to the p'urap with a long radius 
elbov/ with at least 2 diameters of straight pipe in between. 
Never use the outlet of a tee instead of an elbow for the direc- 
tion change. Pressure gage connections must be made somewliere 
between the pxamp connections and the first valve, on suction 
and discharge. Do not use the air vent connection on top of the 
volute casing, nor any of the various plugged connections some- 
times found around the volute. Some manufacturers provide gage 
connections directly on the suction and discharge nozzles of the 
pump, which are satisfactory. Provide gage shut-off valves and 
syphons for hot water service, and make sure the gage can be 
screwed off and on r/ithout interference. A small receptor is 
provided under packed stuffings boxes and mechanical seals , 
tapped for a small pipe to drain off leakage to a hopper drain, 
and a similai"* ta^'ping v;ill be found on pump bed plates to drain 
any drips or spills. In making up the pipe connections, suf- 
ficient flanges or unions should bo provided for dismantling the 
piping in order to remove the pump head for repairs. Some close- 
soupled pumps are designed for withdrawing the impeller and pump 
base from the rear of the casing, leaving all pipirug undisturbed. 
It is imperative that the suction and discharge piping be sup- 
ported and anchored in such a way as to not impose any loads on 
the pximp casing from dead weight or expansion of piping. A 
do'^mward tlirust on the end of a close-coupled pump causes the 
shaft and housing to deflect and can cause bearing;; problems. ' 

Probably the v/orst thing that harnens to a nev/ pump is r*iinni3Tg 
dirty water tliroiigh it at the initial start up and operation. 
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Welding slag, rust, mill scale and cx>nstructlon dirt must be 
removed from the system before the pump is turned over, or 
damage to the shaft seals and pump internal parts is inevl- 
table* Chemical cleaning of piping (see Section on Piping) 
will remove such things as mill scale and rust, but diligence 
on the part of the inspector will prevent sand, pebbles, slag, 
etc, from being left in the piping at the time of installation* 



Testinr pump Performance 

It iis n. cessary to find out how much fluid the pump is deliver- 
iriQ in order to evaluate the performance of the entire heating 
and ventilating system. The ptimp is the "prime mover" of a hot 
wf^ter or chilled water system and the various heat exchangers 
and coil£5 cannot be expected to produce the desired heat trans- 
fer if insufficient water is being circulated. Over-p\imping at 
exccsclvo rates also occiu? if the head calculations are off, 
and thic can cause noisy operation, premature heat exchanger 
failures and uneconomical operation* The following data, uned 
with tjio pvunp manufacturer's pump curve, is needed to make a 
field test: 

1* Pump head, in feet of water, 

2. Plow through the pump, gallons per minute, 

'^}. Motor load, brake horsepower, 

4, Pump speed, rpm. 

Pump head is found by installing accurate gages on the pump at 
locations described in "Piping Connections", If the piunp suc- 
tion operates at a vacuum, a compound gage v/ill be necessary. 
The gages selected should have a range such that the pressure 
reading; ;ill be approximately at mid-scale. The total head 
produced by the pump may be taken as the difference of the 
two rrosrure gage readings. 



Gallons r^r minute is found from flow meters or displacement 
meters ir installed as part of the piping system. If not, the 
velocity c:ui be measured with a Collin's gage tube vjhich v/crks 
on thi rnrno principle of the Pitot tube. Provision must be 
m^do in th.- piping downstream of the pump for inserting the 
tube. If none of the above methods are available, the pump 
c^irvc nay he used, entering it with the head and brake horse- 
ro-'or. 



Br a! :o h o r s e ; • o v/or can be estimated from the formula shown on 
pa^c 97 in the section on Fans, 

Paup speed is taken with a revolution center or tachometer. 
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For direct drive pumps, the motor speed can be taken at the 
motor end of the shaft, and should be within 5 or 10 rpm of 
the figtu-^e shown on the pump curve or data sheet, 

A "fix" on the gpm may now be made by plotting the "head" and 
"brake horsepower" on the appropriate curves (see Fig. 8-23 )• 
If the two indicate the same gpm within a reasonable limit, this 
may be taken as the estimated flow point (H & BH), If there is 
a wide disagreement, check the "shut-off" head (for centrifugal 
pumps only) by slowly closing the discharge valve with the pump 
running, and read the total heads and horsepower load. If the 
head is substantially lower or higher than the curve at zero 
flow, the pump should be checked further. Additional points may 
be obtained by opening the discharge valve in increments and 
plotting a test curve for H vs flow and brake horsepower if a 
flowraetfir or other volume measuring device is available. "T^e 
direction of rotation ^ ay be wrong, or the wrong diameter of 
Impeller may be instaljied. The pump may be air-bound, or the 
impeller may be on backwards (double suction type). Inordin- 
ately high heads and low horsepower requirements indicate un- 
accounted-for friction losses. Low head and maximum horsepower 
requirements indicate that the pump is working against a lower 
head than anticipated. Excessive flows can damage the pump in 
time, as well as cause the other undesirable effects discussed 
above. The pump's performance curve can be altered by increas- 
ing or decreasing the impeller diameter within certain limits, 
and this is preferred to throttling the discharge to reduce 
excessive flow. This change should be made only by the manufac- 
turer . 

There is a popular misconception that closing the discharge valve 
of a centrifugal pump completely while the pump is running will 
build up a dangerously high pressure in the casing and break it. 
It can be seen from Pig, 8-23 that at no-flow conditions, i.e., 
with the discharge valve closed, the pressure will huild up to 
the phuu-off figure shown and go no higher. However, the heat 
caused by the impeller churnirig the fluid will build up in time 
sufficiently to cause damage to the impeller. v;here pumps are 
required to run at near-shut-off conditions due to control 
processes, a bleed line is installed to permit a flow through the 
pump sufficient to keep it cool. 

It must also be recognized that the shut-off head adds to the 
static pressure imposed on the pump by the system it serves and 
that the pump casing and seals must be designed for he total of 
these two heads. 

Pig. 8-24 shows the form in which pvmp curves appear in manu- 
facturers » catalog?. For a given size pump, a family of curves 
for different diameter impellers are shown, and the horsepower 
requirements and efficiencies are also given for the entire size 
range • 
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The punp affinity laws are similar to the fan laws: 
BW^l rrmn H a head, ft 



SPm I rpm 



H , ^ rpm , 

^5^P^ / rpm^v.^ 



bhp I \ rjirn , 



rpm - revs per minute 
Spm m Gallons per minute 



Bibliography 

Footnote 1. FMC Corporation, Pvunp Division, 
Indianapolis/Los Angeles, U.S.A. 
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Pump Check-Points 
Verify that: 

!• Pumps with separate drives are aligned by a mlllv/rlght or 
manuf ac kurer » s representative , 

2. Pumps are never operated without casings being full of v/ater. 

3. Pumps are rotating In the correct direction, 

4. The nameplate data corresponds v/lth the submittal and the 
pump curve data sheet. 

5. The seal Is packed or mechanical, whichever Is specified. 

6. Provision Is made for draining the bed plate. 

7. Proper vibration mounts are installed if specified. 

8. Suction and discharge piping is Installed in accordance \'/ith 
"good" practice as discussed in this section. 

9. If furnished -vith a packed ^land, the nut is loose enough to 
permit a slight leakage. 

10. 'Vater moves through the pump at all times It is operatii-c. 

11. Pump operates quietly. A hard, metallic rattling noise 
Indicates a cavitatlng condition, v/hich, if allowed to 
continue, will ruin the impeller. 

12. The flexible coupling operatfis quietly; if not, misalign- 
ment is indicated. 

13. The suction line -/ill always be full of water (for 
centrifugal pumps ) . 

14. The piping syston in freo of dirt, slaj; and ncale, beforo 
operating the pump. 

15o Clean water from an external source (at a higher pressui^e 
than the pump discharge) is coirnocted to the sealing con- 
nection, if htrnished. 

16« No moisture other than a negligible weep appears around 
the mechanical seal v/hen operatirt;* 

17o That the piping does not place any str::'.in on thj pump by 

first heating Iho piF'- to it s norncA op : rating tenir/or atui'e 
and dicconnectinr;; tho ripln^j ccnn3Ctions. If the pipe 
springs away from the normal position, it is e-xei'ting an 
unacceptable forco on tho pump. 
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The Basic Cycle 

The reciprocating compression type will be used to illustrate 
the basic cycle • The major components are shown schematically 
in Pin. 9.1 • 

//hen a liquid boils, it removes heat from its surroundings and 
becomes a gas. Conversely, when it is liquified by being sub- 
jected to pressure and placed in contact with a cool surface, 
it surr^enders this saine heat. Liquified substances boil at 
different temperatures; water boils at 213^ P at atmospheric 
pressure, while freon-12, a commonly used refrigerant, boils at 
-21.6^ P. At room temperature, say 72^, it must be maintained 
at 73 psig to prevent it from boiling away. 

In Fig. 0-1, the compressor maintains a discharge pressure of 
03.3 psi (for example) which is the system pressure up to the 
expansion valve. 'Vliile the compressor is operating, it pumps 
refrigerant in the hot gas state through the condenser where its 
latent heat and the heat of compression is removed by the cooling 
v/ater, anc the refrigerant condenses into the liquid state and is 
collected in the receiver. The liquid freon fills tha pipe up to 
the exranijicn valve, which is closed or partly open, depending on 
the demand for cooling. '?he thermostatic expansion valve is an 
automatic throttling device controlled by the pressure and tem- 
perature, and separates the "high" side describei! above from the 
"lov/" sid£:, on the suction side of the compressor. As the refrig- 
erant enters this low pressure side it starts to boil and draw 
heat from the evaporator surfaces until it is completely vapor- 
ized. The cold vapor is then drawn into the compressor and com- 
pressed to 03.3 psig, completing the cycle. To prevrDnt any 
return of liquid refrigerant to the compressor tind causing damage, 
the expansion valve slown has a bulb clax:red to the cuction line 
that sens: OS any of the colder unevaporated liquid and closes the 
valve. As a further safeguard, tha valve is adjusted to allow 
the roi^t to open only when the gas has been superheated, gener- 
ally 10^ F. Pig. 0-2 shows such a thermostatic expansion valve. 
Refer to the appendix for further information regarding expan- 
sion valves. 



Rating 

Refrigeration machinery is rated in btu per hour cooling produced 
at an evarcrator temperalur'^ of 5^ P and a condensing tomporature 
of 06^ P. The rating is also nxp^esL^od in tons, v/hero 1 ton - 
1?,'"0'^ 'b^^: nor hour. (The us:v* of thi "on unit hex itt- origin" 
froT; th- c!C":l'jn.j rrc»''.uc;d b-' ono ton of ioo i\\ oiv: -h- ti:u3. 
Ono pound o" ic2 'vl].! rrr-'^nne:; ill btu v/h:n ^i-^Itad, honce 144 btu 
X ?r^-^G lhc\/v.<:r: -5- -^l hou-s - 12,000 btu per hour). 
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Refrigeration compressors are manufactured in open and hermetic 
styles in both the reciprocating and centrifugal designs. (See 
Pigs. 9-3 to 9-6 )• The open compressor has an external drive. 
The hermetic compressor has the motor and compressor contained 
in a single housing* The range of sizes for the different types 
are approximately as follows: 



Style Ton 

Hermetic reciprocating 2-120 

Open reciprocating 5-200 

Hermetic centrifugal 90-5,000 

Open centrifugal 100-10,000 



A comparative recent development is the helical rotary screw 
compressor, with capacities up to 800 tons (Pig# 9-5 )• 

Condenser s 

The basic types of condensers are : 
a* Water cooled 
b« Air cooled 
c. Evaporative 



Water cooled condensers are shell and tube heat exchangers • The 
hot refrigerant gas is introduced into the top of the shell and 
is condensed on the colder tubes, then drains into a receiver 
below the condenser. A •*purge" valve is provided to manually 
bleed off air that may collect at the top of the shell. The 
tubes may be U shaped as shown, or straight, with a rear tube 
sheet (see Section 6). Condensing temperatures range from 100^ - 
110^ P for recirculated water* 



Air cooled condensers utilize finned colls and outside air forced 
at a. high velocity over the coils to carry away the heat. Con- 
densing temperatures range from 110^ P to 135° P in hot weather. 



Syapor at iye conde n s e r s use a coil sprayed with v/ater to remove 
the neat t)y evaporation of watei . ' le vapor formed is carried 
away by the circulating fan. The remaining v;ater is reci:.^culated 
and a certain amount of make up is added to replace the part 
evaporated. The condensing t^Bmperatures are in the range of 
100° - 11 5^ P. 



Receivers are used to allow for surges in the flov/ of refrigerant 
as the demand for cooling fluctuates. They also serve as storage 
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Fig. 9-4- (a) HERMETIC CENTRIFU(^L COMPRESSOR 





CAPACITY CONTROL SYSTEM 



Figures A & B ~ show the capacity control slide valve with- 
in the rotor housing. Axial movement of this valve is pro- 
grammed by an exclusive Dunham-Bush electronically 
initiated/ (by variations in chilled water lemperature) 
hydraulic actuated control arrangement. When le com- 
/pressor is fully loaded,. the slide* valve is in the c'' posi- 
tion (Figure A), Unloading starts when the sll 2 valve is 
moved back away from the valve stop (Figure 3'. Move- 
ment of valve creates an opening in the bottom the 
rotor housing through which suction gas can pass back from 



the rotor housing to the inlet port area before it has been com- 
pressed. Since no significant amount of work has been done 
on this return gas, there are no appreciable losses incurred. 
Reduced compressor capacity is obtained from the gas 
which is inside the Inner part of the rotors and which is 
compressed in the ordinary manner. Capacity reduction 
down to 10% of full load is possible by progressive back- 
ward movement of the slide valve away from the valve stop. 
In principle, enlarging the opening in the rotor housing 
effectively reduces compressor displacement. 




FIGURE A 
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FIOURE B 



Cftffier Model 170A Open Drive Centrifugal Compressor 



O • Fig. 9- 6b, COMPEIESSOR PORTION OF UNIT SHOWN IN FIG. 9-6a 
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receptacles when lb Is necessary to pump the refrigerant out 
of the system, and maintain a liquid seal past the condenser. 
They are usually fitter^ with a gage glass or magnetic indicator 
for chocking the level, and are fitted with a safety relief 
valve. The design and construction of receivers is subject to 
the requirements of the ASKiS Code for Unflred Pressure Vessels 
and must bear the Code stamp. 



Evaporators are heat exchangers in some form that permit trans- 
rer or heat bet-fveen the evaporating refrigerant and the medium 
to be cooled. For cooling kir in a closed ventilation system, 
the evaporator colls consists of many rows of finned tubes 
through' which the refrigerant flows and extracts heat from the 
air flowing past the fins. Pig. 9-7Ashows a typical duct type 
coil, and also the refrigerant distributor and expansion valve 
equalizer line. 



Unit evaporators are used for cooling refrigerated snaces. This 
unit Is nung from and against the ceiling, and recirculates the 
air by means of propeller type fans. Condensate that collects 
on the drain pan must be piped to a hopper drain usually located 
outside the room. Evaporators in refrigerated spaces maintained 
below 32^ P must be defrosted periodically. Such coils are fur- 
nished with electrical heating elements placed in between the 
finned surfaces and under the drain pan. Precautions iinist be 
taken to prevent th^ melted ice from re-freezing in the drain 
line by giving the drain line a stoep slope, and wrapi in^; it 
v/ith a heating cable and insulation. 



Shell and tube evaporators are userl in largo centrifugal units 
(Pig. 5-8) where the v/atcr be ins chilled flows throu^^h the 
tubes, and the boiling liquid rofri^-erant is contained in the 
lower part of the evaporator shell. The refrigerant level is 
controlled by a float valve. In a nackage v/ator chiller similar 
to Pig. 9-9, the refrii^erant flo r . throu^ih Ihe^ tubec, controlled 
by a thermostatic expansion valvo, and the water is circulated 
around the out sides of the tubes. 



Refrigeration Flplrg 

Most air conditioning systems are designed for use of chilled 
water supplied by unitized '^cold ^j^nerators", where the com- 
pressor, evaporator, condenser and controls are ono package 
requiring only v/at*^i'» and electrical hook up. Tlov/evex^, there are 
certain features of freon direct expancion piping systems that 
the mechanical inspector should bo fa^niliar with. 

Oil and freon havo an affinity for mixing to;jether. Durinj the 
compression cycle, lubricating; oil is picke^i up ;vith the freon 
and carried into the system, rhii: causes no problem as long as 
the freon is in the liquid state, but after the gas has been 




180 



Courtesy, McQuay, Inc. 




CONOiNSIR 



CONDENSING WATIR 
TUB£S 



ff^SlsES^^ COMPRESSOR 
AAt DISCHARGE 
CONNECTION 



EVAPORATOR 



ELIMINATOR 



CHILLED WATER 
TUBES 




COMPRESSOR SUCTION CROSSOVER 
EVAPORATOR CONNECTION PIPE 

FLOAT VALVE 



-CefiTraVac Cylce cf Op«r«<ion 



CONDENSER 



CONDENSING WATER 
TUBES 



COMPRESSED 
REFRIGERANT 
GAS 



ECONOMIZER 



ECONOMtZER 
VENT PIPE COMPRESSOR 
DISCHARGE 
CONNECTION 



ECONOMIZER 
FLOAT VALVfi 



LIQUID 
LINE. 




EVAPORATOR 
FLOAT VALVE 



CROSSOVER 
PtPE 

CHILLED WATER \ 

"tUBES COMPRESSOR SUCTION 
CONNECTION 



ERIC Pig. 9-8 



ELIMINATOR 

CenTr«Vat Cycle of Operation WHK Economiicr 

182 Courtesy, Trane Co. 



SUCTION 
SERVICE 
VALVE 



LIQUID LINE 
SHUTOFF VALVE 



LIQUID LINE 
SOLENOID VALVE 

DRYER.STRAINER 



SIGHT 

GLASS ^ - 

EXPANSION ^ 
VALVE 



RELIEF 
VALVE 
I32SPSIG)- 



DISCHARGE 
SERVICE 
VALVE 




OIL PRESSURE 
GAGE 
DISCHARGE 
PRESSURE 
GAGE 

SUCTION 
PRESSURE 



CHILLED V/ATER 
THERMOSTAT V/ELL 



FREEZE PROTECTION 
THERMOSTAT V^ELL 



— Typical Cold G«n«r«tor. 




Pig. 9-9 



Courtesy, Trane Co. 



evaporatod to the vapor state » the oil separates out and tends 
to collect at low points of the evaporator. This is overcome 
by sizing the piping riser smaller so as to give the leavirxj 
freon vapor a velocity high enough to entrain the oil and lift 
It to a horizontal run where normal velocities will carry It 
back to the compressor. The overall suction line pressure drop 
must be kept very low otherwise the capacity of the- compressor 
will be reduced, therefore, the vertical section which Is re- 
duced in size Is kept as short as possible. ;Yhere the compressor 
has variable capacity control, a double suction riser is used as 
shown in Pig. 9-10. At high loads the vapors and oil would 
travel up riser "A**, but at light loads, oil collects in the trap 
forcing the flow up through "B". 

'Vhen two or more compressors are connected together in parallel, 
*he branches from the common suction line must be arranged for 
equal pressure drops, as shown in Pig. 9-11, so that the flow 
of gas and entrained oil is returned in equal amounts to each 
compressor. An oil level equalizer line, and a gas pressure 
equalizer is also used to maintain uniform oil levels In the 
V compressor. 

Pig. 9-12 shows the recommended hot gas connection to the con- 
denser, with a loop to the floor to trap any condensed gas and 
prevent it from collecting in the compressor head and causing 
damage. The check valve prevents vaporized freon from condensing 
in the hot gas line and collecting in the compressor head. 



Refrigeration Tubing, Fittings and Joints 

Refrigeration-grade tubing should be used, as it Is thoroughly 
deoxidized and cleaned on the inside and then filled with nitrogen 
or dry air, and the ends capped. During construction, meticulous 
care must be taken to keep It clean and dry. Type L hard drawn 
tubing is the most commonly used, and the sweat type fittirigs 
shown in Pig. 2-13 are soldered on with Sll-fos or 3asy-flo silver 
solder (see section 3). The high temperattires encountered v/ith 
the use of silver solders oxidiiie the tubing and fittings and form 
a scale. To prevent this, nitrogen should be circulated throu^ 
the tubing when silver soldering. 



Refrigeration System Cleaning . 

The following instructions are excerpted from a leading manufac- 
ttu^er's ^ installation procedures and point out the importance 
of keeping the system clean: 

"The major cause of contaminants in a refrigeration system 
comes from the lack of care in assembling the piping. Filings 
and chips from cutting operations, flux and scale from solder- 
ing are the most types of foreign materials found in systems. 
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Suggesfad piping of 
coils using a fwo-pipe riser 
And wifh a frop installed. 



Ltfl 



Evaporator 




Evaporator 



Suction to compressor 



^ Sized for at least 1500 fpm 
at minimum load 

Sized for at least 1500 fpm 
at maximum load 



Note: 

Trap should be as short as fittings permit 
Lonp; traps allow large slugs of oil and 
liquid refrigerant to be trapped during off* 
cycle causing slugging and valve breakage 
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- Piping arrangement 

Suction llne^ ^ 

to compressor ^^^or coils and two expansion 

valves. 

Sized for minimum 
velocity of 1500 fpm 
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Note: 

Both coils used when 
compressor operates 
at full capacity, one 
coil when compressor 
operates at 50% capacity 
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Pig. 9-11 
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DISCHARGE LINE 
Pig. 9-12 . 
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Dust and dirt from Improrer handllnc or storaco of the 
tublxiG and flttlnea arc also a source of the system 
contaminants* 

After a length of tublns hfts bo^n cut to slao and la roady 
for Installation, It should be cleaned. On the larger sizes 
of tublns cloanln^ Is boat accomplished by sviabbtng out with 
a cloth saturated rrlth a suitable solvent. Refrigerants 11 
r»r 113 cu'? suitable ^or this purpose. On smaller linos 
riucliln^: K-ll thivu^h the tub rvill acconrllsh tlio cleaning 
v1.f/.ro . k11 tv.Vlns and flttir^n shoul-? bo cl^anoi in such 
f:ishl .n. •Hun Iv-binj is soldered, co:no cf the soldering 
r^wy. ptn^ \>itr> of r.olJor may T^ll Inside the tube. Cc^re 
rhculd bo t:.l-.3n vhen applying fltix to a Joint so ac to not 
hcvo an excess on the Inside of the connecl^lon. Also, too 
much hoat on the Joint vrlll cause the solder to flo^ inildc 
and drop out of the Joint into the tubo and fittinj^s. In 
th-? r^'^soncQ of oxygon (air) and jinder hlch lo;aperature, 
scale will fora on corper. If excessive heat is applied to ^ 
fittinjc, this scale Vill for;n and flake off inside tho tube.* 

To pr?vvnt I'lls, Tire recommend circulating di^ nltrotj^n 
tlu»cuj^ th'i tn'o-rs vrhilo solderins Is beings done, 'ilie nitrogen 
diLplc^c-Js the air In the tube, and, being an inert gas, pro- 
vontc oxidatlcn." 

I!or*r*otic ccapvecsorc are subject to electrical breakdowns called 
'•biu^iouts'' caused by inpuritles in the refrigerant £ycte:.i. Tills 
iUanuf acturer*^ has the following comments; 

"The burnout of a hermetic compressor motor in the majority 
of ca:£'^c is directly resultant fron Inipurltias in the re- 
fr-igerant system. These impurities may be in the forui of 
dlrt> scale, or moisture left In th^ syste;n at tlie time of 
installat:.cn. In addition, there could be fluorine and 
chlorino gaeos, oxygen and acid due to the breakdov/n of the 
refrigerant, oil or insulating materials, or any combination 
of th.>Ge. The presence of any contaminating substance can 
?tarl a i^or.ction resulting in the formation of the oUv^^rs. 
Th-? ^:lLi:;iate result is a premature failure of tlie motor 
com]*i''::sr.':'r. ' 

?lt3ld irervicing of a systo^n after a hermetic motor burnout 
is generally a 'tir:i« consuming and expensiva operation. Not 
only must the compvoL'Scr b5 r.^r aired or replaced, but tho 
entire syston :nuci Ivj thoroughly cleaned of all harmful 
containinates l'?ft by tho burnout. Repeoted burnouts gener- 
ally indicate- Inarlcj-juate system cleanout after tho previous 
fallv.r-." 

It c':cnld Iv^ cloar from tho abovs that failui^e ke^p impurities 
out of honnetic nired. frcjon systoms can ho dlsactrcus. 
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A ooolli¥c tower Is a piece of heat transfer equipment that cools 
waier with anient air by intimate contact of the two, 'Vater is 
introduced at the top of an enclosure and distributed over a 
large area of lath or similar material arranged to break the 
water up into small droplets and films • Air is induced around 
the outside of the bottom of the enclosure and flows upward 
through the falling water# The total heat given up by the water 
to the air is Influenced by the degree of contact, air velocity 
and physical size of the tower, but the outlet of the water tem- 
perature is limited by the wet-bulb temperature of the air. The 
difference between the leaving water temperature and air wet- 
bulb is called the approach . 

Cooling towers evaporate approximately 2 gallons per hour i>er 
ton of the refrigeration load. In addition to this loss water 
should be wasted from the tower at a rate sufficient to prevent 
a buildup of impurities, roughly equal to the amount evaporated^ 
It is good practice to provide water treatment, and the amount 
of bleed is determined by the water treatment used. An auto- 
matically controlled make-up valve (usually float operated) is 
used to maintain the water level in the cooling tower sump. The 
operation of this should be carefully checked to see that It 
keeps the level up, but does not overfill and waste out the over- 
flow. Factory assembled towers have an anti-vortex baffle at 
the sump outlet to prevent air from being sucked into the pump. 

The condensing presstire of a compression type system must be kept 
at a certain high level in order to operate properly. The con- 
densing pressure can be controlled by varying the condensing tem- 
perature which is governed by the voliame or temperature of the 
condensing water supply. Mlth a piping arrangement as shown in 
Pig. 9-13, the temperature ii? controlled by starting and stopping 
the induced draft fan as more or less cooling is needed. The 
arrangements shown in Pigs. 0-14 and 0-15 also cycle the fan but 
use temperature controlled valves to bypass r«irt of the water 
around the to'ver to maintain the desired water touiporature 
leaving the basin. Plow s^7itchos are used in the condenser 
water supply system to guarantee that ••vater is flov/ing tlirough 
the condenser when the compressor is operating. If the flow is 
interrupted only momentarily the compress. :*?2 be stopped. 
These control features must be considered in the plpix^ arranse- 
raent of the condensing %vater. In Pig. C-13, a temperature con- 
trol valve is not use'l, temperature of the water being controlled 
by the fan operation. '.Viae n the system Is at rest, the check 
valve at vhe pump discharge prevents water from back flowing to 
the cooling tower basin and passing out through the overflow. 
V/ithout the check valve, the pump on the next start would quickly 
empty the basin and suck air before the make-up valve could catch 
up* The antl-syphon loop prevents the condenser dischari^e lino 
from emptying on shut C\ovm and goinr; out the overflow. In 
Pig. 0-14, the 3-way diverting valvo, when modulatino* nends som^ 
water to the tower and seme to the pump, but v/hen all the water 
goes to the tower the pipe connected to the bottom outlet of the 
valve empties the amount "H" dorvn to the level of the basin water 
level. Then, --vhen the valve closes to the tower and opens to the 
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Refrigeration Check- Points 
Verify that: 

!• provision is made for an atmospheric vent through the roof 
for the discharge of a refrigerant safety relief valve or 
rupt\Jire disc* 

2. All refrigerant piping materials and equipment is kept clean 
and dry during the construction* All refrigerant tubing to 
be kept capped* 

3* Valves to be dis-assembled or wrapped in wet cloth to pre- 
vent heat damage when brazing or hard-soldering* 

4. Nitrogen gas is passed continuously through the tubing during 
brazing or hard soldering* 

5* Liquid line sight glasses are installed ahead of expansion 
valves and can be easily observed with no obstructions in 
the way* 

6* Joints are made with hard solder (silver base alloy melting 
above 1000^ P), and not soft solder, for tubing over 1/2"* 

7c Flared compression fittings are not used for lines over 
3/4" 0*D*, and only where such joints are exposed for in- 
spection* 

8* Piping does not interfere with removal of equipment compo- 
nents* 

9* Piping does not obstruct view of oil level bulls-eyes*. 

10. Branch tie-in lines of paralleled compressors are of equal 
length and air piped identically and symmetrically* 

11* Refrigerant piping crossing an open space used as a passage- 
way is 7 1/2 feet above the floor and is not placed in public 
areas, elevator shafts, and the like* 

12* Provision is made for expansion and contraction by means of 
expansion bends, offsets, etc* 

13* The smaller sized tubing is protected from bumps, being 
stepped on, etc* 
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pump, it pushes a largo slug of air aheadi the pump loses suction 
and the flow sv/itch signals a no-flov/ condition and shuts down 
the compressor. This can be avoided by discharging the 3-way 
valve bottom connection directly into the basin. Pig* 0^15. The 
3-way could also be instclled below the tower basin vmter level 
and thus bo submerged at all times if the tov/or is high snough. 

Refer to Uniform Mechanical Code, Chapters 15 and 17, for Refrig- 
eration Equipment requirements. 
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10. TEMPERATURE COMTROL SySTEMS 



This section will discuss the basic parts of control systems, 
control terms, and applications of various controllers in a 
representative air conditioning system^ The emphasis vdll be 
on air operated controls. 



Temperature Control Air Compressor 

The air operated, or pneumatic system uses 15 psi air to open 
or close valves and dampers; stop, start, and control the 
capacity of equipment and transmit temperature and pressure 
readings. The source of air is a relatively small compressor 
and receiver usually located in the mechanical room with other 
components of the air conditioning system. Air is pumped up to 
approximately 60 psi pressure and stored in a receiver from 
which it is reduced to slightly over 15 psi, which is called 
•'main air" pressure. The air furnished to the thermostats and 
other controllers must be free of dirt, oil vapors and moisture. 
This is obtained by passing the air through high efficiency air 
filters (which trap scale, dirt, and oil mist); and through 
small refrigerated* air coolers which dehumidify the air. Even 
if dehumidifiers are not called for in the contract, a good deal 
of moisture can be avoided by locating the receiver in a cool 
place, and by connecting the compressor intake line to the out- 
doors. This line will have to be increased several sizes 
greater than the intake size on the compressor to reduce the 
friction loss. (Check the installation instructions). Large 
amounts of water collect in receivers and this is best controlled 
by an automatic tank drainer and blowoff . Compressors and re- 
ceivers are usually specified to be sized so that the compressor 
will not run more than 2/3 of the time. After leaving the pres- 
sxire reducing valve station, the main air is distributed throu^ - 
out the building by piping or tubing, the size generally being 
determined by the temperature control contractor. (The test of 
these air lines should be witnessed by the inspector but is 
frequently overlooked). 



Controllers 

A controller is a device which measures a change in temperature 
(or any other variable) and varies the air pressure to an 
actuator to restore the original condition. An actuator is a 
device such as a damper motor, valve or relay, which starts, 
stops, or varies the operation of a piece of equipment in re- 
sponse to the controller. Pneumatic controllers are the bleed 
or non-bleed type. Fig. 10-1 shows the basic elements of nearly 
all air operated controllers; the orifice, nozzle and baffle. 
Main air is supplied to the re stricter v/hich is connected to a 
nozzle, which has a slightly larger opening, \7hen the bafflo is 
moved towards and away from the nozzle by some actuating element 
such as a bellows responding to temperatiore changes, the pressure 
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In the diaphragm valve line increases or decreases depending 
on how much air the baffle lets escape from the nozzle. If the 
baffle presses tightly against the nozzle, the branch pressure 
will equal the main pressure, IS psi. If the baffle does not 
restrict the nozzle, the air will flow through the nozzle and 
the branch press\xre. is 0 psi# Intermediate positions of the 
baffle will result in branch pressures somewhere between 0 and 
15 psi. Air constantly bleeds except when the baffle is tight 
against the nozzle. Pig. 10-2 shows a non-bleed type of con- 
troller. The enclosure a is an air tight enclosure when the 
valves b and c are seatecC on their ports by pressure from 
lever d. The"l3ellows e responds to temperature change (warmer) 
by expanding. This (tEe pilot) pressure pushes the right end 
of the lever down to open the supply port. Supply air then fills 
the case until the forces on the diaphragm are rebalanced. 

Spring f has enough force to seat the supply valve when the 
forces on the diaphragm are in balance, and to unseat the ex- 
haust port when the pilot pressure becomes less than the internal, 
pressure on the diaphragm. When the exhaust port is unseated, 
air exhausts from the case and the branch line until the air 
pressure again balances the pilot pressure. In this way, the 
controller maintains a branch line presstire corresponding to the 
force transmitted by the bellows. 

The large amount of air wasted from a bleed-type controller can 
be virtually eliminated with the graduate relay shown in Pig. 10-3. 
This instrument is substantially the . same construction as the non- 
bleed controller except the branch line pressure from the bleed 
controller replaces the bellows. An increase in the controller 
branch- pressure causes an increase in the motor-branch pressure. 
Since only a very small amount of air is needed to actuate the 
relay it is possible to adjust the controller restriction to a 
small opening and reduce the amount of air exhausted. Some 
thermostats are made with the graduate relay housed in the same 
case with the nozzle, vane and sensitive element. 



Control Terms and Definitions 

The following list of control terms appears on temperature control 
diagrams and must be understood to follow the desired operation 
- of the system; 

Throttling range . As stated above, pneumatically operated 
instruments are controlled by pressure from 0 - 15 psi in 
most cases. The actual effective range is considered to be 
from 3 to 13, or 10 psi. The two extremes or limits of travel 
of a valve or pneumatic motor would occur when the pressure 
supplying it is 3 psi or 10 psi. Any pressure in between 
would cause the valve or motor to move a proportionate amount. 
The change in the controlled variable, such as temperature, 
that is needed to change the branch pressure from 3 to 13 psi 
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is called tlie throttling range ♦ Thus a thermostat that puts 
3 psi on the branch at VO'^ F, and 13 psl at 73^ P has a 3^ 
throttling range* At 71.5^ P the pressure will be 8 psi. 



Sensitivit y of a controller is the pounds of air pressure 
change per unit change of the controlled variable v/hich in 
the above example is 10. psi divided by 3^^ or, 3 l/3 pounds 
per degree sensitivity. 

Proportional band (similar to throttling range) is the change 
in the controlled variable required to move the controlled, 
device from one extreme limit to the other. It is normally 
used with respect to recording and indicating controllers and 
is expressed in per cent of the chart or scale range. 

Direct acting applies to a pneumatic controller when an 
Increase in the controlled variable causes an increased 
control pressure. 

Reverse acting applies to a pneumatic controller when an 
increase in the controlled variable causes a decreased 
control pressure. 

Set point is the point at which a controller is set to main- 
tain a certain controlled variable valve. 

Control point is the actual valve of the controlled variable 
which the controller is causing to be maintained at a given 
time. 

Master controller is an instrument whose variable output is 
used to change a submaster's control point. 

Submaster controller is a controller whose set point is 
changed over a pre-determined range by variations In output 
from a master controller. 

Master pressu re is the variable output air pressure from the 
master controller v;hich changes the submaster controller's 
set point. 

Normally closed applies to a controlled device which closes 
when all operating force (control pressure, electrical energy) 
is removed. 

Normally open applie s to a controlled device v/hich opens vAien 
all operating force Is removed. 

Spring range is the range through which the control pressure 
must change to produce total movement of the controlled device 
from one extreme position to the other. Por special applica- 
tions, valves or motors can be fitted with springs that allow 
them to travel their full movement from 3 to 8 psi, or 8 to 
13 psi, or some other similar range. 
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Temperature controller devices, (masters, submasters, thermo- 
stats, etc) must be carefully located so as to sense the true 
or average temper atiire they are controlling. An outdoor master 
should be located on the north side of a building or in a loca- 
tion unaffected by the sun^s direct rays or by convective heat 
from a sunny wall. It also must not be exposed to air being 
exhausted from the building. Submasters controlling hot or cold 
plenums should be able to sense the average plenum temperature 
which is best done with a long capillary "averaging" bulb sup- 
ported across but not touching the face of the coil it controls. 
If an instrument must be mo\inted on the sheetmetal plenum or 
duct work because of its design, the sheetmetal must be suffi- 
ciently reinforced to prevent vibration of the controller. If 
the sensing element of the control is a bulb to be inserted in 
a pipe it should be installed inside a thermoineter well which 
projects to the centerline of the pipe« This frequently does 
not happen because of the make up of the fittings, bushings, 
etc, and the bulb does not sense the average temperature of the 
fluid. (This applies to thermometers also). Thermostat loca- 
tions merit special attention when they are being roughed-in 
prior to pouring concrete, so as to\avoid being placed in the 
middle of tack boards, back of bookshelves, behind doors, etc. 
Avoid locating too close to the latch side of door Jambs as the 
impact of the door closing sometimes causes the thermostat to 
bleed momentarily* Keep thermostats away from obvious heat 
sources, and away from a direct air blow from an air supply 
register. 



Control valves regulate the flow of hot or chilled water and 
steam through coils. They are two-way for water and steam. 
Pig. 10-4, and three-way only for water. Pig. 10-5. 




A double ported balanced valve is shown in Pig, 10-6 • 




Flanged Body Patte 




Flanged Body Pattern. 





Pig. 10-5 



Pig, 10-6 

Courtesy, Honejwell, Inc 



Three-way valves have two inlets and one outlet, and are piped 
to bypass around the source of heating or cooling to give a 
constant flow through the coil or bypass around the coil 
(Pig. 10-7 (a) ). Pig. 10-7 shows additional arrangement s for 
connecting single and multiple coils. Three-way valve inlets 
and outlets are marked at each connection and should be con- 
nected as shown on the temperature control diagram prepared by 
the control subcontractor, as the designer's drawings are 
schematic and may not fit the exact style of valve furnished. 

Cbntrol valves have an index number called the valve coefficient, 
Cv, (shown on Pig. 10-7) which tells what the flow through it 
will be for a given pressure drop. 

For non- compressible fluids the flow can be calculated from the 
formula: 



o 
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where Cy s valve coefficient 

p - pressure drop 

G - specific gravity of liquid 
(water - 1.0) 



Factor Toble 



Valve 
Size (in.) 




% 


1 


IV4 


l¥2 
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Cv 
Factor 


1.1 3.2 4.3 
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8.6 


13 


21 


35 
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Size (in.) 
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54 
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Typicol Applicotions 



INUt * 'A* 



□ 



NCAT f INLET 'B* 



{•OIL I*. 

cOtvfvrr*. 



Control of Supply Water Temperature. 
Valve Normally Closed to Heat exchanger 



(a) 




Control of Supply Water Temperature. 
Valve Normally Open to Heat Exchanger 



JNLET 'B' 



Piping Arrangement for Coil Control 
with Individual Pump. Valve Normally 
Closed to Supply 



(b) 




Piping Arrangement for Coil Control 
with Individual Pump. Vdlve Normally 
Open to Supply 



3 



J 



L. 



I 



Three<Way Mixing Volves on Multiple 
Coil Installation. Valves Normally 
Closed to Flow Through Coil 



(o) 



IMIiNO VALVE ■ 



f 



Three-Way Mixing Valves on Multiple 
Coil Installation. Valves Normally 
Open to Flow Through Coil 



NOTE: Inlet "A" is Normally Closed; Inlet "B" is Normally Open 
Pig. 10-7 
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Courtesy, Johnson Service Co. 



If a valve has Cy s 40, and the pressure difference between 
inlet and outlet is 25psl, for water the flow is 

- 200 gpm* 

For saturated steam: 



NOTE: When the absolute 
downstream pressure is 
less than 50% of the ab- 
solute upstream pressure 
use 50^ of the absolute 
upstream pre ssixre as the 
pressure drop. 



v/here - inlet pressure, psia 
s outlet pressure, psia 

AP r (P, - T^) 
W - lbs per hour 
If a valve controlling steam has an inlet pressure of 15 psig 
and an outlet pressure of 10 psig, and a valve coefficient of 
50, the steam flow is: 

W « 2.1 2C 50 X -yj 15^0 X -yj (15 4- 14.7 ) + (10+ 14.7) « 
r 1750 l^s per hour . 

These formulas can also be solved by the nomographs found in 
the appendix^ 



Ele c t r o -pneumat i c switches (EP) are electrically operated 
devices tnat open or close valves to air lines* 



Pneumatic-electric switches (PE) are air operated devices that 
are actuated Dy air pressure to open or close an electrical 
relay or switch. 
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11. NATURAL DRAFT VENTING SYSTEMS 



Gas fired boilers and heaters fired by natural draft must be 
properly vented so as to provide sufficient oxygen to completely 
b\irn the fuel and carry away the products of combustion^ In- 
complete combustion will result in lowered efficiency and the 
formation of carbon monoxide, as well as producing a poten- 
tially explosive mixture of unburned gas and air. Natural draft 
occurs because the heated air and combustion products in a stack 
are lighter than the surrounding outside air and are displaced 
upward* The "draft", or negative pressure produced by the hot 
gases depends upon the stack temperature, height, and the 
friction loss of the venting system. 

The requirements for venting of appliances regarding materials, 
construction and configurations are completely covered in the 
California Admisistrative Code, Title 24, Part 4 "Basic Mechan- 
ical Regulations (Article M9)# The sizing of venting systems 
as required by this Code, and also the National Fire Protection 
Association Bulletin 54, Appendix D, is reproduced on the fol- 
lowing pages. 

Refer to the Uniform Mechanical Code, Chapter 9, for further 
venting requirements. 
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TITLE 24 Basio Mechanical Begulations M-129 

(R««ltt«r68, Ne.40-10-26-68) 

APPENDIX M1-B 



Tabk 1 

Capaeity of Typ« B Doubk Wall Vanta Strving a Singia Applfanea 

















VntdiuMUr— D 












B 


Litwil 






























L 


S' 


4' 


6' 


6' 


7' 


8' 


10' 




14' 


16' 


18' 


4A' 




9 A* 










Muimum tppli^ce inpat ntioic in tbouaudt of Bta per 1 


DOur 








0 


46 


86 


• 

141 


iuO 


«oO 


970 


R7n 
OfU 


BKA 
OSU 


117A 


lOoU 


IfUIA 
IViMI 


2430 


S950 


3620 




V 


36 


67 


106 


167 




286 




DOU 


Bon 

OtfU 


117A 


110A 
14(HI 


1860 


3220 


9A7A 

3o'U 




6' 


3S 


61 


100 


149 


206 


. 273 


436 


630 


870 


1150 


1470 


1820 


3210 


3000 




IS' 


28 


66 


91 


137 


190 


266 


406 


610 


840 


1110 


1430 


1796 


2180 


4JIAA 

30W 




0 


50 


94 


166 


too 




110 


vw 


A7A 




17lA 


999A 


2750 


3360 


4010 


8' 


V 


40 


76 


120 


tSA 

loU 


247 


o«« 


010 


71 K 

f w 


1A9A 
1U*U 


191A 
104U 


17AA 


2110 


2560 


3050 




8' 


35 


66 


100 


166 


227 


303 


490 


720 


1000 


1320 


1670 


2070 


2530 


3030 




16' 


28 


58 


96 


148 


200 


281 


458 


686 


060 


1260 


1600 


2035 


2470 


3960 . 




0 


63 


100 


166 


*>iU 
t09 




450 


720 


1060 


1450 


1926 


91 


3050 


3710 


4460 




V 


42 


81 


129 




Alt} 


366 


560 


850 


1130 


1480 


19JII 


2340 


2840 


3390 


10' 


10' 


36 


70 


116 


176 


246 


330 


625 


795 


1080 


1430 


1840 


2280 


27S0 


3340 




80' 


NR 


60 


100 


164 


217 


300 


486 


736 


1030 


1360 


1780 


2230 


2720 


3260 




0 


68 


112 


187 




ton 




Sin 


l^W 




A47A 

ZZ7U 




3620 


4410 


6300 




V 


48 


93 


160 






111 


675 


986 


1350 


1770 


2260 


2800 


3410 


jAflA 

4ucMI 


15' 


16' 


37 


76 


128 


198 


276 


373 


610 


906 


1250 


1676 


2150 


2700 


3300 


3UWJ 


SO' 


NR 


60 


107 


169 


243 


328 


653 


846 


1180 


1650 


2050 


2620 


3210 


WW 




0 


61 


119 


202 


307 


430 


676 


930 


1350 


1900 


2620 


3350 


Am 


4980 


6000 




S' 


61 


100 


166 


249 


346 


470 


755 


1100 


1520 


2000 


2570 


320O 


3910 


4700 


W 


10' 


44 


89 


160 


228 


321 


443 


710 


1046 


1460 


1940 


2500 


3130 


3830 


4600 




20' 


36 


78 


134 


206 


203 


410 


665 


■ 990 


1390 


1880 


2430 


<9nxA 

WW 


3760 


4350 




30' 


NR 


68 


120 


186 


273 


380 


626 


945 


1270 


1700 


2330 


2980 


3650 


4390 




0 


64 


128 


230 


336 


476 


650 


lOSO 


1550 


2170 


2920 


3no 


4750 


6850 


7060 




2' 


66 


112 


186 


280 


394 


635 


ms 


1310 


1800 


2380 


3050 


3810 


4650 


6600 


ao' 


20' 


NR 


90 


154 


237 


343 


473 


734 


1186 


1650 


2200 


2870 


3650 


4480 


6310 




40' 


NR 


NR 


NR 


200 


298 


416 


705 


1076 


1620 


2060 


2700 


34SO 


4270 


6140 




0 


66 
69 


132 


228 


363 


600 


686 


1140 


1730 


2400 


3230 


4180 


6270 


6500 


7860 




2' 


118 


198 


208 


420 


579 


flfiO 


1420 


2000 


2m 


342U 


4300 


5260 


6320 


40' 


20' 


NR 


96 


167 


261 


m 


616 


860 


1310 


1830 


3460 


3200 


4050 


6000 


6070 


40' 


NR 


NR 


NR 


223 


333 


460 


786 


1205 


1710 


3310 


3020 


3840 


4780 


6830 




0 


NR 


136 


236 


373 


636 


730 


1250 


1920 


2700 


3650 


4740 


6000 


7380 


9000 




2' 


NR 


126 


213 


330 


470 


650 


lOtiO 


1605 


2250 


3020 


3930 


4060 


6130 


7400 


00' 


30' 


NR 


NR 


170 


276 


397 


565 


930 


1440 


2050 


27fiO 


3640 


4700 


6730 


7000 




60' 


NR 


NR 


NR 


NR 


334 


476 


830 


1286 


1870 


2m 


3380 


4330 


6420 


66C0 




0 


NR 


NR 


239 


384 


650 


756 


12f)0 


2020 


2SS0 


zm 


6100 


6450 


8000 


9750 




S' 


NR 


NR 


217 


350 


496 


683 


1145 


1740 


2460 


3320 


4310 


6450 


6740 


8200 


80' 


40' 


NR 


NR 


NR 


276 


404 


670 


980 


1615 


2180 


2980 


3920 


6000 


6270 


7650 




80' 


NR 


NR 


NR 


NR 


NR 


NR 


850 


1420 


2000 


2750 


3640 


4680 


6850 


7200 




0 


NR 


NR 


NR 


400 


660 


770 


1310 


2050 


2950 


4050 


6300 


6700 


8600 10300 




S' 


NR 


NR 


NR 


376 


610 


700 


1170 


1820 


2560 


3500 


4600 


5800 


7200 


8800 


100' 


50' 


NR 


NR 


NR 


NR 


406 


676 


1000 


1650 


2250 


3100 


4050 


6300 


6600 


9100 




100' 


NR 


NR 


NR 


NR 


NR 


NR 


870 


1430 


2060 


2850 


3750 


4900 


6100 


7600 



8m Flfvt 1 tad Notci for Single Appltnnee VenU. 



202 



M430 BniLDiKO Standabds TRLB S4 

(fl«0ltlir No. 40-10-8t-M) 

APPBNOIX 
TablaS 

Capaoity of 8inglt«Wall MtUI Pipt or Typo B Aobootoo Comont 
Vonto Borving a 8inolo Appllanoo 



B 


L 


I* 


4* 


S* 


8* 


7* 


8* 


10* 


18* 






M>ifiaamtp9liMttiaptttiiliMiDthwMMJi<IBt«pirtpMr 






0 


19 


70 


116 


170 


282 


812 


500 


780 






11 


SB 


04 


141 


194 


880 


418 


880 








•1 


81 


128 


177 


848 


890 


8Q0 




0 


42 


70 


128 


188 


888 


840 


818 


8U 




1' 


n 


01 


102 


184 


SIO 


884 


481 


880 




t' 


22 


SO 


05 


141 


194 


364 


488 


848 




10' 


24* 


40 


88 


131 


180 


880 


408 


688 




0 


45 


84. 


188 


202 


879 


m 


800 


018 




J' 


IS 


07 


111 


188 


838 


811 


505 


760 


lO' 




S2 


01 


104 


188 


aiB 


889 


480 
488 


784 




10' 


ir 


S4 


94 


lO 


200 


874 


700 
666 




M' 


NR 


4t* 


84 


ISO 


188 


888 


488 




0 


40 


01 


181 


223 


818 


420 


884 


1040 




a' 


29 


n 


12» 


188 


280 . 


880 


870 


888 




5' 


SB* 


07 


110 


170 


240 


825 


540 


838 


M' 


10' 


SO* 


88* 


103 


158 


228 


808 


814 


798 




IB' 


NR 


SO* 




144 


207 


891 


488 


780 




20' 


NR 


NR 


82* 


183* 


198 


878 


466 


126 




0 


BS* 


101 


188 


352 


842 


470 


770 


1190 




2' 


42* 


80 


138 


810 


288 


398 


641 


990 




B' 


38* 


74* 


m 


102 


284 


864 


«to 


948 


30' 


10' 


82* 


06* 


115* 


178 


218 


345 


871 


910 




IB' 


NR 


fiS* 


104* 


183 


228 


826 


550 


870 




20' 


NR 


NR 


01* 


149* 


214* 


306 


525 


832 




0 


80* 


108* 


183 


270 


384 


B29 


878 


1370 




2' 


44* 


84* 


148* 


330 


320 


441 


730 


1140 




B' 


NR 


78* 


137* 


210 


296 


410 


604 


1080 


10' 


10' 


NR 


68* 


m* 


198* 


274 


888 


656 


1050 




IB' 


HR 


NR 


113* 


177* 


258* 


860 


625 


1000 




20' 


NR 


NR 


90* 


163* 


240* 


844 


596 


060 




SO' 


NR 


NR 


NR 


NR 


192* 


295* 


840 


890 




0 


NR 


120* 


210* 


310* 


443* 


808 


980 


1850 




2' 


NR 


95* 


171* 


260* 


370* 


4"8 


830 


1290 


80' 


B' 


NR 


NR 


169* 


234* 


342* 


474 


730 


1230 


10' 


NR 


NR 


146* 


231* 


318* 


456* 


730 


1190 




IB' 


NR 


NR 


NR 


200* 


3W* 


407* 


705 


1130 




20' 


NR 


NR 


NR 


185* 


276* 


384* 


870* 


1080 




30' 


NR 


NR 


NR 


NR 


222* 


330* 


605*. 


1010 
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M-132 BmZiDiNa Standards TITLE 24 

(R«0itt«r 68^ No. 40^10-2e-68) 

APPENDIX M1-B 



T«bl« 4 

Capacity of Typo B Doublo-Wall Vont Sorving Two or Moro Appliancoo 
Vont Connoctor Capacity 



nat 


Conacetor- 










Vent eoBBKtoc dianmer— D 










riie 


3» 


4» 


5* 


6» 


7' 


8» 


10* 


12* 


14' 


16» 


18» 


20* 


22* 


34' 








Maiimum tppluuiee isput ntiag in th 


OUHBu 


s of Btu per hour 








3' 


26 

«1 

35 


46 
63 


72 
86 
96 


104 
134 
139 


142 
168 
189 


165 
220 
248 


389 
345 
386 


416 
496 
556 


577 
653 
740 


755 
853 
967 


955 
1080 
1225 


1180 
1335 
1510 


1425 
lAin 
IQIU 

1330 


1700 
1920 
2180 


i' 


r 

2' 

ml 
8 


37 
33 
39 


48 
57 
64 


76 
90 
101 


109 
139 
145 


148 

175 
198 


194 

230 
358 


303 
358 
403 


439 
516 
580 


601 
696 
790 


805 

Am 

1030 


1015 
1150 

im 


1255 
1420 
1610 


1520 
1720 
1950 


1810 
2050 
2330 


10' 


I' 

r 

r 


38 
33 
37 


SO 
50 
67 


18 
93 
104 


m 

134 
160 


lU 
183 
206 


200 
238 
265 


314 
373 
417 


453 
536 
600 


642 
730 
837 


840 
955 
1080 


xm 

1205 
1370 


1310 
1490 
1690 


1585 
1800 
2040 


1890 
2150 
2430 


15* 


V 

r 
1' 


30 
36 
40 


63 
63 
71 


83 

99 

111 


IXC 
143 
160 


;63 

193 
318 


314 
353 
886 


333 
394 
444 


480 
568 
640 


697 

700 
898 


910 
1030 
1175 


1150 
1305 
1485 


1420 
1610 
1835 


IT20 
1950 
2220 


2050 
2330 
3640 


»' 


r 
y 

3' 


31 
37 
43 


56 
66 
74 


87 
104 
116 


:S5 

149 
168 


m 

303 
128 


334 
365 
800 


347 
414 
466 


500 
596 
673 


740 
810 
953 


965 
1095 
1245 


1225 
1385 
1575 


1510 
1710 
1945 


1830 
2070 
3350 


2190 
2470 
2800 


30' 


1' 

2' 
1' 


33 
39 
44 


59 
70 
70 


93 
110 
134 


134 
158 
178 


183 
215 
343 


338 
363 
317 


372 
439 
494 


536 

632 
713 


805 
010 
1035 


1050 
1190 
1350 


1330 
1500 
1710 


1645 
1655 
2110 


1990 
3240 
2550 


2370 
2670 
3040 


40' 


1' 
2' 
V 


35 
41 

46 . 


63 
73 
83 


97 
115 

139 


140 
166 
187 


190 
325 
2S3 


348 

395 

331 


389 
461 
520 


560 
665 
748 


850 
964 
1100 


1110 
1260 
1435 


1405 
1590 
1830 


1735 
1965 
2240 


2100 
2380 
2710 


2600 
2830 
3330 


60' to 
100' 


1' 
2' 
1' 


37 
44 
60 


66 
70 
89 


104 
133 
138 


150 
178 
200 


201 
242 
273 


366 
316 
355 


417 
494 
565 


600 
712 
800 


926 
1050 
1198 


1210 
1370 
1565 


1530. 

1740 

1980 


ill 


2280 
2590 
2960 


2720 
3090 
3530 



Common Vont Capacity 



Commoa vent diameter 

Total TMi 

JMuhi 3* 4* 5* 6' 7' 8* 10* 12* 14' 16* liT 20* 22' 24* 



Cofflbiaed appliance taput ratine is thotuaadf of Btu per aour 



6' 




65 


103 


147 


200 


260 


410 


588 


815 


1065 


1345 


1660 


1970 


2390 


8' 




73 


114 


163 


233 


390 


41^5 


652 


912 


1190 


1510 


\m 


2200 


2680 


10' 




70 


134 


178 


242 


315 


495 


713 


905 


1390 


1645 


2030 


2400 


2920 


15' 




91 


144 


306 


280 


365 


565 


825 


1158 


1510 


1910 


2360 


2790 


3400 


20' 




103 


160 


229 


310 


405 


640 


916 


1290 


1690 


2140 


2640 


3120 


3800 


30' 




118 


183 


2G6 


360 


470 


740 


1025 


1525 


1990 


2520 


3U0 


3680 


4480 


W 




131 


203 


295 


405 


525 


820 


IISO 


1715 


2240 


2830 


3500 


4150 


5050 


60' 




NR 


224 


324 


440 


575 


900 


1380 


2010 


2620 


3320 


4100 


4650 


5900 


80' 




NR 


NR 


344 


468 


610 


955 


lUO 


2250 


293U 


3710 


4590 


5420 


6600 


100' 




NR 


NR 


NR 


470 


635 


975 


1670 


2450 


3200 


4050 


5000 


5920 


7200 



Set Flmra 3 aad aotea for multiple appliaaee vtati. 
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TITLE 21 Basic Mecbanioal Bequlatioxs 

(R«aitt«r68, No. 40-10-26-68) 



M.133 



APPENDIX M1-B 



TOTAt VCNT 
NCICHT V 



VENT CAP 



TOTAL VENT 
HEIGHT V 



I 0 CONNECTOR I q 



CONNECTOR 
RISE 'R*— I 



ftt«r« 3 ftgim 4 

DMbl«-Will or Aibiiloi Ctmtnf MiMnry Chtmnty Serving 

Typt • Vtnli or SIngU-Will Tw« mr Mar* Appliancti. 
Mtlal Vtnit Sirvlng Tw« or Moro |Soo Tsblo 6.) 

ApplUiicoi. (Soo Tibloi 4 ind 5.) 



NOTES FOR MULTIPLE APPLIANCE VENTS. (Soo Tabloo 4, 5 and 6.) 

1. Maximum Vent Connector Length 1^ feet for every inch of connector diame- 
ter. Greater lengths require increase in size, rise or total vent height, to obtain full 
capacity. 

2. Each 90-degree turn in excess of the first two reduces the connector capacity 
by 10 percent. 

3. Each 90-degree turn in the common vent reduces capacity by 10 percent 

4. Where possible, locate vent closer to or directly over smaller appliance con- 
nector. 

5. Connectors must be equal to or larger than draft hood outlets. 

6. If both connectors are same size, common vent must be at lenst one size 
larger, regardless of tabulated capacity. 

7. Common vent must be equal to or larger than largest connector. 

8. Interconnection fittings must be same size as common vent. 

9. Use sea level input rating when calculating vent size for high altitude 
installation. ^ , 

10. Designation "NB" in Tables 4, 5 and 6 indicates not recommended. 
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BuHiDiNQ Standabds title 24 

(R«0iater98, No. 40-10-26.68) 



APPENDIX M1-B 
TmbU 5 

Capacity of A Single-Wall Metal Pipe or Type B Aabeatoa 
Cement Vent Serving Two or More Appliances 

Vent Connector Capacity 



V«al oomuetor diimetar— D 



Total 


Cooaeetor 


y 


4' 


5» 


6" 


7" 


8* 




rise — 






Maitmum appliaoee input ratine in 










tbouBud 


1 of Btu per hoar 








1' 


21 


40 


68 


103 


140 


305 




2' 


28 


53 


86 


124 


178 


335 


3' 


34 


01 


M 


147 


304 


375 




1' 


23 
30 


44 


77 


117 


179 


340 


15' 


2' 


56 




134 


194 


365 


3' 


35 


64 


103 


155 


316 


398 




r 


25 


49 


84 


129 


190 


370 


30' 


r 


31 


58 


W 


145 


311 


395 


tod up 


3' 


36 


68 


107 


.164 


332 


331 



Common Vent Capacity 



Total Tcnt 
baiibt 

**3" 



6' 
8' 
10' 
16' 
20' 
30' 
50' 



48 

55 
59 
71 
80 
NR 
NR 



78 
89 
95 
115 
139 
147 
NR 



Commoo vent diameter 



8» 



Combined tppUaoce icp!*t rating in 
thottsanda of Btu per hour 



111 
138 
136 
168 
186 
215 
NR 



155 
175 

190 
328 
360 

300 
360 



305 
234 
350 
305 
340 
400 
490 



10* 



330 
865 
395 
480 
580 
650 
610 



12» 



NR 
505 
560 
690 
790 
940 
1190 



Set Fi^an 3 and sotea for multiple appliance veota. 
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TITLE 24 Basic Mechanical BEOiTiiATiONS M-135 

(Rsgittor 68» No. 40— 10-26-68) 

APPENDIX M1-B 
Tabit 6 

Capaelty of A Maoonry Chimnoy and Singlo-Wall Vant 
Connactora Serving Two or More Appliancaa 

Sinoia-Wall Vent Connector Capacity 



Vat eoimeetor domrtar—D 





Coonfctor 
riw — 


V 




5» 




7» 


8» 










Mamnom appliuice input ratini in 












ibooanda of Btu per hour 








V 


21 


39 


65 


100 


140 


200 




V 


28 


53 


84 


123 


172 


231 




3' 


34 


61 


07 


142 


203 


269 




1' 


23 


43 


73 


112 


171 


225 




V 


30 


54 


88 


133 


180 


256 




V 


84 


63 


101 


151 


213 


289. 




V 


24 


47 


80 


124 


183 


250 




V 


81 


57 


93 


143 


205 


283 


Mdvp 


V 


85 


65 


105 


160 


329 


313 



Common Chimney Capacity 



Mimmum intenul area of chinuuT— ^'A" 
Squire inchei 

TotelTMt 

b<i|bt 19 28 38 50 78 113 



Combined ippliince input nting in thousaiKU of Btu per hour 

~ 45 71 Iw l5 245 Nr" 

8' 52 81 m. 162 2n 405 

10' 56 80 129 175 300 450 

li' 66 105 ISO 210 360 540 

20' 74 120 170 240 415 640 

80' NR 135 195 275 490 740 

80' NR NR NR 335 600 910 



Set Table 7 for MASoory Chimney Liner Sizee. 

See Ficun 4 ud Notes for Multiple Appliance Vents. 
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M'136 



BnHiDiNO Standards TTTLE 24 

(R«gisUr 68, No. 40^10-26-68) 



APPENDiX M1-B 

ExampU of MultipU Vent Design Using Table 4 Double Wall Type B Vent 



Figure 5 

IXAMPUt Connect e 45,000 Ditt 
weter hevler with e 1 feet con* 
fleeter Hte "r* end e 100.000 Oltf 
fwmece with e 2 foot connecter 
Hm "H** te e cemmen vent with WATER 
a mlnlnivm tolel vent height "H" HEATER 
•f 18 feet. See FIgere 0. 45^000 

BTU 




COMMON VCNT 
000 TOTAL 
INPUT 

r 



ruRNAce 
loctooo 

BTU 



1. WATER HEATER VENT CONNECTOR SIZE 

Using Table 4, read down Total Vent Height **H" column to 15 feet and read 
across 1 foot connector rise "R" line to Btu rating equal to or higher than water 
heater input rating. This figure shows 53,000 Btu and is in the column for four-inch 
connector. Since this is in excess of the water heater Input it is not necessary to 
find the maximum input for on IS foot minimum total vent height. Use a four«inch 
connector. 

2. FURNACE VENT CONNECTOR SIZE 

Under Vent Connector Tables read down Total Vent Height *'H" column to 
15 foot and read across 2 foot Connector Rise "R" line. Note 5 inch rent size shows 
99,000 Btu per hour or less than furnace input. However, with 20 foot Total Height 
read across 2 foot connector rise line. Note 5 inch vent size shows 104,000 Bt>i per 
hour. Since IS foot height is ?.th of difference between 15 and 20 foot heights take 
difference between 00,000 nnd lOl.OOO or 5,000 and add Bths of this to 15 foot figure 
of 09.000, 99«000 + 3,000 = 102,000 which is maximum input for 18 foot Total Vent 
Height Therefore a 5-inch connector would be the correct size for the furnace, pro- 
viding the furnace had a five^inch or smnller draft hood outlet. 

3. COMMON VENT SIZE 

Total input to Common Vent is 143.000 Btu. Note that for 15 foot Total Vent 
Height "H*' maximum Btu for 5 inch vent is 144,000. For 20 foot Total Vent Height 
"H" maximum Btu for 5 inch vent is 160«000. 

Therefore for IS foot Total Vent Height maximum allowable input would be 
gth of difference between 144,000 and 160,000 = gth X 16,000 or 9,600. 144,000 + 
9,600 = 153,600 which is greater than total inpuc to common vent. Therefore com- 
mon vent can be 5 inch diameter pipe. 



209 



12. SOUND COMTROL IM VBHTILATIOM SYSTEMS 

There are three aspects of sound control' and suppression of 
noise that are of concern to the mechanical inspector: 

1. Internal noises in the ventilation system that are annoy 
ing to the building occupants* 

2. External noises from outdoor equipment that are objec- 
tionable to the occupants of neighboring buildings, or 
to the general public. 



3. Noise detrimental to health. 



General 



Noise is defined as unwanted soTxnd. Sounds that may go un- 
noticed in one environment may be unacceptable in another. iVhat 
may be music to one man may be noise to another. Soiind pressure 
is the pressure at a point measured in a passing souna ;vave. 
Sound power is the power expressed in watts which^is radiated 
by an acoustic source. A decibel, which is an electrical engi- 
neering term, is 10 times the logarithm, to the base 10, of a 
ratio of two numbers, as: 

A - 10 log Hl. decibels (db) 
Hz 

Related to sound measurements, the sound power level in decibels 
is: 



L « 10 log,^ ^ db 

where Wi s the power in watts of an acoustic source 
\jvj^ - a reference power 

—12. 

The reference power commonly used is 10 watt, vftiich is 

0.000000000001 watts. When two sounds are given a decibel rating 
by using the same reference, they can be compared with each other 
and it can be stated that one produces more acoustic power than 
the other. 

The sound level meter is the basic instrument used in all sound 
me asurement . It consists of a microphone, an attenuator, ampli- 
fier and usually three weighting networks; A, B and C. The A 
scale gives the most important overall measurement, and is most 
commonly referred to in government regulations as "dbA". 
Pig. 12-1 shows a sound level meter. Pig^ 12-2 is a comparative 
chart of overall sound levels. 
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' Impacts and impulaat in excess of 140 dB can be measured with a precision 
analyzer from B & K Instruments. Inc. Unit incorporates a sound level meter with 
sn octave -band filter. 

Pig. 12-1 



Ventilating System Internal Noises 



DECIBELS 
(RE 0.0002 MICR08AR) 

140, 50 HP SIREN (1000 

— AT TAKE-OFF (50' FROM TA 

— HYDRAULIC PRESS f3') 



120 



AUTOMATIC FU\CH PRESS (3n 



100 



80 



60 



40 



20 



- fNSIDE MOTOR BUS 

~ INSIDE SEOAfi \n CITY TPAFFIC 



— CONVERSATIONAL SPEECH (3'1 

— DH's PRIVATE BUSINESS OF^JCE 

— BROAOCASTIWG STUOlO (MUSIC) 



THRESHOLD OF HEAR!\G 
.YOUr.G MEM, 1000 TO 4000 CPS 



Pig. 12-2 



Generation and transmission of noise can be avoided in some 
areas by observing the following: 

1. Install balancing dampers ahead of the outlets and far 
enough av;ay so that air . noise caused by throttling will 
not be audible in the room. This duct should be lined. 

2# Mixing damper should be tightly sealed when closed, 
otherwise a high frequency noise will be generated. 

3. Check high pressure duct for small joint leaks and 
around flexible duct connections. 

4. Flexible duct connections should have ample material so 
joint is not taut j and supported so that duct does not 
hang on the joint. 

5# '.'/here sound absorbing units are installed, use flexrole 
duct connections. 

6. Support fan units from the overhead with hanger *rcd 
vibration isolators. 
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7^ To prevent transmission of sound and vibration from 
piamps, install flexible j'oints in the vertical and 
horizontal runs of the discharge piping*. 



8z Use resilient lined pipe hangers where supported from 
the overhead* 

9. Use flexible conduit for electrical connections to fans 
and poimps. 

10« At fan discharges, use several diameters of duct length 
before turning the air. 

11. Do not allow air to separate from the sides of the duct 
walls by changing its direction too quickly after a 
previous change* Sudden changes in duct shapes cause 
turbulence, which generates noise. 
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Ventilating System External Noises 



The location of cooling towers and condensing units on or 
around buildings Involves considerable study and research by 
the designer. Locating such equipment away from possible com- 
plaints Is usually the least expensive solution. Walls, screens 
or similar acoustical barriers may produce an acceptable sound 
levels Enclosures placed around cooling towers should be sized 
as recommended by the manufacturer so as to not restrict the air 
flow into the tower, and not cause any recirculation of the dis- 
charge air# The various municipalities have adopted noise re- 
quirements for ventilating equipment which varies considerably 
between residential and commercial areas, proximity to freeways, 
etc, and may or may not take the ambient noise level into ac- 
count • 

The Air Conditioning and Refrigeration Institute^ publishes 
sound rating numbers of outdoor rmitary equipment rated in 
accordance with ARI Standard 270-67. This rating number is 
used in their Sound Rating Program to predict the sound level 
before installation. 



Noise Detrimental to Health 

Noise pollution is now recognized as a major threat to human 
well-being. Most people are uncomfortable when subjected to a 
noise level of 80 db and suffer physiological effects above 80 db. 
Long exposures -at 100 db can cause hearing impairment and perma- 
nent damage. In recognition of this, the Walsh-Healey Act 
(Federal) and California State General Industry Safety Orders 
adopted 90 dbAas the maximum allowable 8-hour exposure. Higher 
levels are permissible for shorter periods, all as set forth in 
Pig. 12-3. Noise at these levels is generated by gas turbines, 
air compressors, induced draft fans and similar equipment in 
equipment rooms. 



Published by Air Conditioning and Refrigeration Institute, 
1815 North Port Myer Drive, Arlington, Virginia 22209 
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Iri'tt iiiiiiiiiiit''riir 



Vmi • DmnoN or IirDXTmuL Safrt 482.128 

Ommii Indubtbt SArrrr Orders 

1 ll«tialir 7% N«. S4-««22-7D> ArticI* 35. 8Und«rd« for Ocoupttientl 

NoiM Cxpotur* 

MOW §X NOItl CONTROL SAFETY ORDCIIt 

Article 55. Stendards for Occupational Noise Eiposure 

8870. PorpoM. Article 35 sets u^- standards for the control of 
kXkd ezpoflure to industrial noise in order to contribute to the conserva- 
tion of employees' hearing. Daily eiposure for the times and noise 
mtensitiea specified represent conditions under which nearly all work- 
en may be eiposed throughout their working years without causing 
permanent hearing loss sufficient to aflfect their ability to hear and 
ondersUind normal speech. 

Km: Authority cited: SMtioM 63IS, 6900 tnd 6503« Labor Code. 
BUt9r9: 1. Ntw Article W (Sections 3«70 throuih 3s72) filed 2-13-63: effec- 
tive thirtieth i\ny therenfter (.Resixter 63. No. 3). 
2. BepMler tnU new Article 35 (Sectionx 3M70 through 3874) filed 
MytOl effective thirtieth day thereafter (Recister 70. No. 34). 

S871. Bmvtyt, Whenever noise levels have been demonstrated 
to eiceed those sound levels ii^ Table I. the employer shall make or cause 
to have made noise evaluations to determine the magnitude of eiposure 
to eui|>ioyee3. Sucb records shall be maintained and made available to 
the Division. 

3872. Allowable Ezposnre 

(a) InUnnitUnt or Oontinnous Noise, 

Table 1 

Sound Level 

P*r Day. Bw 4BA 

8 90 

6 92 

5 85 

8 97 

?. 100 

J* 102 

1. 105 

♦ — r - no 

* or IcM 115 

Note: Sound levelii shall W meaMirn] with a Notind ]tvp\ merer which 
meeta the AXSi Sl.y/ySi Spfcificutionx for Oenwal i*urpnnt Sound 
L«rcl J/e#ere »i«ndard or e<|uivalent. iM*t on the A wale and sluw re* 
ppooMC. Noiiie exposures •! different le\>lM tin* ciJintiiiiPrl hy Htlilinc the 
fr«rtioo of the allou'iible time useti at ench exiKiMire, The «>(m of Kiich 
ZractioPN ahoiiM not exceed unity. For exnmple. if an CNiioMire conKiNted 
of 1 hotir •! 100 JKA fMiiMwahle '2 honrMi and 3 hmirN at 9(> dBA 
(•llovahle H hoiini) And 4 hotirM nr lesx rh»n dBA (no limit) the 
•um of the frnctionti of rhe •llowMlde time nsed wmitd bei + il-^0 = {. 
Since thi» i$ leM than 1. the allowable CNpoMiire ts not exceeded. 

(b) Impact or Impulsive Noise. Exposure to impact or impulsive 
noise shall not eiceed 140 dB peak sound pressure level. 

KoTK; Pe«k itoiind preH«nre let'el;* »hnll he measured with nn inntrument 
h«vinf a rike time uf 54) roicraHecomlH or lesR cfor iMiunre witves) and 
which will metxure and display the MMind preiiMire Irvd within 1 dB of 
tht true peak. 

3873. Engiiieerinff Control of Noise. he never the operations 
reasonably permit, exposures to excessive noise shall be eliminated or at 
least reduced by em^ineerin^ or operational controls. When auch ex- 
posures are not reduced to allowable levels specified in Section 3872, 
a continuing effective hearing conservation program shall be adminis- 
tered. 

3874. Personal Protective Equipment, (n) When to Be Wcm. 
Whenever the exposure to noise exceeds the levels piven in Section 
3872, the employer sh.'ill provide and the employees shall use acceptable 
ear protectors. (For the purpose of these Orders, ''acceptable*' means 
acceptable to the Division.) 

(b)_EdncationJn_Use_of_Equipment__Re.qairAd^The^^ 

shall be informed of the locations where the wearing of ear protecton is 
required and shall be instructed in the use of such ear protectors. 

(c) Provision and Care of Equipment. Duty of Employer and 
Employee. It shall be the duty of the employer to provide such ear 
protectors as may be required and to replace them when necessary. It 
•hall be the duty of the employee to properly use such equipment pro- 
vided for him and to exercise due care to keep same in efficient and 
lanitary condition. 



WiNrt Ar« All9WiiM« lx|Hii«roi? 

Allowable exposures for intermittent or continuous 
noise are specified in Table I, Section 3872 of the Noise 
Control Safety Orders. It is permissible to interpolate 
the data on allowable exposures. For example, if after all 
practical efforts to reduce the level the noise level is still 
91 dBA and the time is 7 hours, then that exposure would 
be allowable. Extrapolation is not allowable for short 
exposures above 115 dBA. The criteria in Table I is based 
on the fact that short daily exposures are usually inter- 
mittent, this assumption is reasonably safe if the sound 
levels are between 90 dBA and 115 dBA; however, extra- 
polation above 115 dBA might result in harmful exposure. 

It is not necessary to extrapolate the data in Table I 
for daily exposures of more than 8 hours or to record 
noise exposures below 90 dBA. If such extrapolations are 
desired, then it is proper to permit exposures at 87 dBA 
for 16 hours and at 89 dBA for 10 hours, in accordance 
with the equal energy concept (or a 3 dB increase when 
exposure time is cut in half). 

The Second Intersociety Committee oh Guidelines for 
Noise Exposure Control are shown in Table A. 

You can see that in preparing Table I of California's 
revised noise control regulations, daily noise exposures of 
an hour or less were assumed to occur in 7 or more 
intermittent exposures evenly distributed throughout the 
day. For longer exposures that accumulatively total more 
than 4 hours in a day, the noise was assumed to occur in 
3 separate exposures! The damage from a single exposure 
to noise follows the equal energy concept (or a 3 dB 
increase when exposure time is cut in half). 

What About Impoct or Impulsive Nois«t 

Considerable hearing loss can result from impact or 
impulsive noise. Impact noise frequently occurs where 
the ambient continuous noise exceeds the levels in Table 
I of the Noise Control Safety Orders. If ear protectors 
are worn because of the continuous noise, surveys of the 
impulsive noise will not be required in most cases. 



Table A 

ACCEPTABLE EXPOSURES TO NOISE IN dBA 
AS A FUNCTION OF THE NUMBER OF 
OCCURRENCES PER DAY 



Doily 
Durofion 



NumbT of TiniM th* Noif Occur< P0r Day 



Hours Min, 


I 




7 


15 


35 


75 


IMvp 


8 ._. 


90 


90 


90 


90 


90 


90 


.90. 


6 .... 


91 


93 


96 


98 


97 


95 


94 


4 _.- 


92 


95 


99 


102 


104 


102 


100 


2 _ 


95 


99 


102 


106 


109 


114 




1 _ 


98 


103 


107 


110 


115 






30 


101 


106 


110 


115 








15 


105 


110 


115 










8 


109 


115 












4 


113 















To use the toble, select the column heeded by the number of times the 
notse occurs per doy, reod down to the overoge sound level of the noise, 
ond iocote directly to the left in the first column the totol durotion of notse 
permitted for ony 24-hour period. It is permiuibte to interpolote if neces- 
sary. Noise levels ore in dBA. 




Pig. 12-3 214 CaUfomia Safety News, May 1971 



INSULATION 



Insulation is used extensively in air conditioning systems on 
hot and cold piping, equipment, and for wrapping or lining ducts. 

The unit of measurement of the effectiveness of an insulating 
material is its thermal conductivity , also called the K-f actor* 
This is defined as the amount or neat, in btu per hotir that will 
flow through a panel 1 foot squai^e and 1 inch thick when one 
face is 1^ P hotter than the other, or: 

Btu per hour, per sq ft a K x temp difference/inch thickness. 

The K-value for some common heat-insulating materials at 100^ P 
mean temperature are: 



calcium silicate 
35% magnesia 

mineral wool (rock, slag, 
or glass wool blankets) 



K-valu9 
0.33 
0.39 

0.25 



Per low temperatures the following insulating materials are used: 

value (at 100° mean temp) 



polystyrene 
polyur ethane 
fiber glass 
cork 

cellular glass 

flexible foamed plastic 
(armaflex) 



0.28 
0.17 
0.30 
0.29 
0.42 

0.26 



Insulation materials have other important properties and 
differences besides K-values that have to be considered for a 
given application. For instance, calcium silicate and fiber 
glass pipe insulation can be soaked with water and not loose 
its shape, but magnesia will disintegrate. Cellular foam glass 
has a slightly higher K- value and is more expensive, but has a 
high compressive strength and is absolutely impervious to water 
vapor transmission. The limiting high temperatures of various 
insulating materials varies widely, and this must be observed. 
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Insulation applied to cold surfaces imxst be provided with a 
vapor-tight jacket or barrier to prevent water vapor from passing 
through the material or joints and condensing on the cold sur- 
face ♦ 

100^ AlRTFMpfifRATUeE 



IMSULATIOM 



VAPOR PRESSURE^ 



<> 



/ 

Butt Joint 



A' X-^' *^ 

/ I COLD SURFACE ( P'PE WALL ^ 
/ fvAP'ORATOP, H TC) 

55** AIR TEMPERATURE 



Referring to the sketch, the vapor pressure of the 100^ air is 
higher than the vapor pressure of the 55^ air next to the cold 
surface and will force moist air through an ineffective vapor 
barrier, or an unsealed butt joint as at "A". If allowed to 
continue, the condensate will completely soak all the insulation 
along the pipe and render it useless. For this reason great care 
must be taken to install a perfectly tight barrier, and to butter 
all longitudinal and butt joints with cement before assembling 
the sections. Vapor barriers are laminated foil and treated 
papers, coated felts and papers, plastic films, or canvas wrap 
with 2 or more coats of lagging adhesive. Some pipe insulation 
is manufactured with the barriers attached. Obtain samples of 
various canvas weights for identifying the material being used« 
The followiiTg points should be observed in insulating piping and 
equipment; 

1, Piping insulation includes valves, strainers and fittings. 
Flanges and unions are generally not insulated, except for 
chilled water* 

2, Provide shields at. hanger supports to protect the insulation. 
For very large pipes it may be necessary to insert hard wood 
blocks at the point of bearing. Shields should distribute the 
load along the insulation without deforming it« 

3, Fill all voids and openings in cold insulation where cut out 
for hangers or supports with suitable material before apply- 
ing sealing tape. Insulate hangers that are in direct contact 
with cold surfaces to prevent sweatings 

4, Insulate all piping passing through walls, floors, etc, 

5, Stagger butt joints, and coat all joints amply with water- 
proof cement on cold insulation, • 



6, Insulate valves up to the bonnet. 
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?♦ Install removable metal jacketed Insulation sections 

around heat exchanger heads and similar equipment which 
have to be opened up for maintenance and repair. 

8, The State Division of Industrial Safety requires that all 
surfaces hot enough to burn flesh shall be insulated 
(about 160° P). 

9. Do not cover any stampings such as ASME name plates or 
vessels or similar equipment. 

Duct insulation is applied to the outside of ducts for a heat 
barrier only, or to the inside for a heat barrier and so\md 
attenuation. When wrapped around the outside it needs to be 
cemented to the duct sides and bottom at intervals, and then 
tied around with wire or steel bands. The Joints should be 
lapped at all joints (2" to 4"). men the insulation is applied 
internally, the duct size must be enlarged to accomodate the In- 
sulation (breadth and width) so that the net inside dimensions 
will be as shown on the design drawings. The material is held 
in place with cement and studs and washers; the studs being 
cemented or welded to the duct side. Edges of the insulation 
exposed to the air stream are coated with adhesive to prevent 
erosion and firmly held down to the duct side. Duct liners are 
furnished with facings of clear or black coatings designed to 
prevent erosion by the air. Each manufacturer states the limit- 
ing velocity that may be used, and also specifies the methods of 
attaching and finishing the material for various velocity ranges. 

A few points to watch for in duct insulation are; 

1. Check to see if joints are properly taped before insulator 
starts. 

2. Check duct hangers for attachment to duct and proper ten- 
sion (no slack). 

3. Insulation should be placed between turning vane end plates 
and ducts. 

4. Insulation liner should not interfere v/ith operation of 
mixing dampers. (Place insulation on outside of damper box). 

5. Check insulation density and thickness for compliance with 
specifications. 

6. Check placement of cement on outside of ducts and spacing 
of tie wires. 

7. Access panels on duct to be uncovered or plainly marked. 
3. Drops to ceiling outlets are insulated. 

All insulation sealers, cements, etc, shall meet the Fire 
Marshall »s requirements for fire resistance, smoke generation, 
etc. 
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14. AIR DUCTS 



Ducts come In a variety of shapes and matorlalsj steel, fiber- 
glass, translte, neoprono coated glass fabric, aluminum, and so 
on. This section will cover sheetmotal and flberelass ducts a& 
most revelant to ventilating systems* 



Sheetmetal Ducts 

Shoetmetal systems are clasclfled as lovr, moditim, or lilgh 
pressure; low pressure be inn from 0 to 2" water column, medium 
pressure 2" to and high pj^'^ssuro 6" through 10^ water coliuan. 
If the duct velocity exceeds 2,000 fpn in the m^dlxm and high 
pressure zones, the system is called "high velocity". 

The Sheet Ketal and Air Condltloninc Contractors National Asso- 
ciation (SMACNA), F# 0. Box 3506, 'Vashington, D. C. 20007, has 
developed a standard for low velocity and high velocity duct 
construction, which is generally specified for the construction 
of ducts, fittings and appxirtenances. Tlie appendix contains 
some of the pages from the SlIACKA Manual showing metal ga/;es re- 
quired and stiffening needed for various sizes of rectangular 
and round ducts in all three pressure groups. Also detailed are 
the recommended types of seam joints for the different duct 
9izes. Of particular importance is tha data giving the spacing 
and dimensions of reinforcing angles, designed to prevent 
"breathing*^ and sagging of the tops and bottoms of ducts. 
Stiffening of plenums is frequently overlooked and should be 
checked for sag, and the plenum observed for movemmt when the 
fans are turned on and off. Ducts on tho suction side of a fan 
are subject to collapse if the inlet air damper is clos^'' because 
of a control malfunction and if there is insufficient duct rein- 
forcing. SMACKA plate 1?. shows llie recommended hanger arran^fie- 
ments for low and'hii^h pressure ducts. 

Metal ducts ar3 lined with fiberglass bl^cets for the insulating 
effect and sound attenuation, and accordingly mxsit bo made larje 
enough to obtain the net (insldo) dimencioris shown on tho drav/- 
ings. Many times this is ovoi^looked contractor who 

fabricates and linos tho duct in tho shop, and then th*^ »iilstal:o 
is discovered too Ic^ts. Duct lin::r insulation must bo furnliiheu 
with a coating or facing: to ^i-^evont nrosion by the air*, und odjOij 
have to be coatod or taped to yrevnnt naellng Hn<\ unlaying. 

Transverse duct seams are te,pod v/lth various r'mtoyi&lr. to roducj 
air leakage; and, if called for in the nrocif 5 cations, should be 
clone whether the duct is lined ov • . Soma r/crkifton -yIII get 
careless In making up joints, relying on th^ tano for air tight- 
ness. Tape cannot tsko the place of ? rroror'*:'' mado Joint. 
•Vhoro ducts are too close to tho rv-r--!^nd to h'li.iiier cloc^d the 
standing seams, typ*-^ A, L , or C clrivj slirc c'^-.rv.Jd bo Mt.ndm 
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Fiber Glass Duct 



Pig. 14-1 shows the different forms of fiberglass duct. IXicts 
constructed of fiberglass board are restricted to 2" w.g. and 
3,000 fpm with suitable bracing as recommended by the manufac- 
tyxper and SMACNA. The board is covered with a thin sheet of 
aluminum. 

Pig. 14-2 shows the method of fabricating a section of ductf 
where the total of the inside dimensions does not exceed 120", 
the maximum stock length of the board. Larger ducts are fabri- 
cated in pieces. The longitudinal and transverse joints are. 
sealed closed with a self adhering aluminum tape applied with a 
heated roller iron. 

The hanging and bracing requirements recommended by the SMACNA 
Manual on Fiber Glass Duct (see appendix) should be closely 
checked by the inspector. 

Duct Fittings and Configurations 

Turning vanes, shown in Pig. 14-3, are used in square elbows 
where space limitations prevent installing a round elbow. The 
round elbow (with a center line radius 1«5 times the duct dimen- 
sion parallel to the radius) has a smaller friction loss than 
the vane elbow and should be used where possible. The stock 
runner for turning vanes is made to fit across the heel of the 
elbow at a 45^ angle to the entering and leaving air stream. 
This is correct when the elbow has the same entering and leaving 
dimensions, but when there is a size transition the 45° stock 
runner places the vanes partially crossways with the air stream 
and causes turbulence, rather than reducing it. The runner 
should be modified so that the upstream and downstream edges of 
the vane line up with the air streams. Where ducts are lined, 
the vane runners should sit on channel shaped chairs with the 
lining flush with the runner. 

Fig. 14-3a shows an incorrect but commonly used elbow. Nothing 
is gained by rounding the outer corner; the inner corner should 
have a radius, or turning varies used if this is not possible. 

Sudden enlargements or contractions (Fig. 14-4) should not be 
made in ducts because of .the energy loss. A slope of 1 in 5 is 
satisfactory. 'tVhere steeper transitions cannot be avoided, 
vanes placed inside the transition piece will reduce the pressure 
loss (Fig. 14-6). 

The most common problems encountered in the field in installing 
duct work is insufficient space and obstacles, such as pipes, 
structural members and lights (in hung ceilings). 
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A Duct Board, standard duty (SD and RSD. or MSD with 
fiber glass mat liner) or heavy duty (HD or RHD), with fac- 
tory-applied facings of 3-mil aluminum (A) or Foil-Scrim- 
Kraft (F), for field or shop fabrication or rectangular ducts 
and fittings of specified cross-section dimensions. Available 
with plain, flush edges, or with molded-in male and female 
"slip-joint" edges (MF) on the long dimension of 1-inch- 
thick Type SD board. 

B Preformed Round with factory- molded male and female 
"slip-joint" ends. Available with tough, aluminum pigmented 
plastic (SR) or 3 mif aluminum (AR) vapor/atr barrier jackets. 



C Flexible (FLX) with exclusive resin-bonded fiber glass helix 
covered with resilient fiber glass insulation and jacketed 
with tough, aluminum-pigmented plastic. 

D Micro-Aire FS preformed round, with an integral, em- 
bedded foil seal midway in the wall thickness. Primarily for 
warm air systems, but useful for air conditioning under cer- 
tain design conditions. 



Pig. 14-1 



Johns-Manville Co. 



FURI6ATI0N m/croa/re duct board /the centerune method 



As its name implies, the Ccnterline Method of fabri- 
cation involves the use of line markings on the 
board on which the various tools are centered and 
along which they are guided for accurate cutting. 
In the Centerline Method, either of two types of 
longitudinal corner fold configurations may be used 
— the V-Groove or the Modified Shiplap — and 
grooving tools are designed for each type. 

Each configuration has its merits and the choice is 
left to the system designer or fabricator. Although 
in installation, the two types are basically compat- 
ible, it is recommended that if automatic grooving 
machines are used, any hand fabrication of ducts 
or fittings for the same job be made with the cor- 
responding style of corner folds. 

In the following step-by-step instructions, draw- 
ings and photographs, the original V-Groove type 
will be used. This will give the fabricator the funda- 
mental procedures regardless of the type of corner 
fold ultimately used. A separate section describing 
the newer Modified Shiplap concept is presented 
later. 




Fig. 14-2 



Five basic cutting operations are involved in mak- 
ing a typical section of straight duct: 

(1) Knife cut at stretchout length. 

(2) Grooves for corner folds. 

(3) Rabbet cut for closing comen 

(4) Cutting and stripping away insulation to 
expose longitudinal stapling flap. 

(5) Rabbet cuts for male-female slip-joint con- 



nections between duct sections. (This step 
is eliminated when Micro-Aire SD/MF 
board is used.) 




The Centerline Method of fabrication employes 
the same principles used in fabricating sheet metal 
ductwork, namely: 

(1) Layout is done on the board prior to cut- 
ting and forming. 

(2) Measurements are made in succession from 
the starting point or preceeding mark. 

Tliree final steps make the fabricated board 
into a duct section : 

1. Folding groove corners. 




Johns-Manville Co. 
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Fig. 14-3 
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VANED ELBOW DETAILS 

•90" 



FIG. A 



SINGLE VANE ELBOW 




9' u 

'l6 



DETAIL I 



4i"- 



if 





•2"R 
DETAIL 2 
RUNNER 




FIG. B 

SMALL DOUBLE VANE 
SQUARE ELBOW 



2" R; 
DETAIL 3 
SMALL DOUBLE VANE 

ALTERNATE DETAIL 4 

LARGE DOUBLE VANE 



8i- 




ALTERNATE FIG. C 



LARGE DOUBLE VANE 
SQUARE ELBOW 



ALTERNATE DETAIL 5 

LARGE DOUBLE VANE RUNNER 
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Flg« 14*6 



The dimensions of ducts can be changed v/ithout impairing the 
design if the sarie friction loss per foot is obtained. Equal 
crossectional areas of duct does not mean equal friction losses. 
A chart (Pig. 14-7) can be used in finding equivalent sizes 
where a space problem exists. 



Example : 

A 10" X 15" duct must be modified to a height of 8" to clear 
an obstruction. To find the new width first find the equiva- 
lent diameter by entering the chart at "side of ducty (a)" 
s IS'', and "side of duct (b)" - 10", and reading 13.5" 
diameter, d, on the diagonal line. How follow the 13.5" 
line do;vn to the 3" (a) side, and read 19" on (b) side. Thus, 
the new sized duct is 8" x 10". 

The SKACNA manual shows several arrangeinent c for splitting the 
duct around pipes and stanchions, as will as many other details 
of duct fittir^s too numerous to r.^prod^^co in this text. 



Duct Ie?.kajo be.^ts aro perforno*'^ on hi:^h ';-:*es£urG syste::is, 
bcca^K^e a relatively si.ial?, loal i't '.he hij-ier* rressiircs results 
in a c«.. T:: : Jorab] : V'-O^nmo of air. Th^ toct rrocoduro and tho 
•;''ial- nt nrcd \vrr r d-c -d rr.?-i the SKACirA Llanual on the 
follo-;lr-^ pajos. 'DvA i^iis tost do tor:..ii>3 ic tho ^'.cfx-al air 
leak?/-e in cubic fo':t per iiinr^to r^-^llo the duct Ir contliraally 
Aold at the tost p2**;£sv;:*0. SiJk3rlA reco::nior.dc a loss no greater 
th£.n i;J of the syslem design air flov/ rate. It is rxt ujualij 
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RECTftNGULSR EQUIVALENT OF ROUND DUCTS 




possible to test the v/hole system at once, but in segments; in 
which case the "total leakage of the parts shall not exceed 1% of 
the total systen air flow. 

Refer to Uniform Mechanical Code, Chapters 10 and 12, for duct 
and comfort cooling requirements « 
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Chapter 10 



TESTING FOR LEAKAGE 



High velocity ducts must be sufficiently airtight 
to insure economical and quiet performance of the 
system. It must be recognized that air tightness 
in ducts as a practical matter cannot, and need 
no^., be absolute (as it must be in a water piping 
system)* Adequate air tightness can be assured 
by the application of a pressure test. When air at 
pressure of 4 inches WX», or greater, escapes 
* through a small orifice, it will cause noise. As 
greater amounts of air escape from the orifice, 
the noise level will increase. Field experience, 
has proven that by eliminating all leaks which 
are audible to the average person in reasonably 
quiet surroundings, the total leakage will be less 
than one (1) percent of the system capacity. Con- 
versely, if a measured leakage test is desired, 
then the criteria of a maximum permissible leak- 
age of one (1) per cent of the system is a reason- 
able one. 

Test Apparotus 

The typical test apparatus (Fig. 10-1) consists of: 

1. A source of high pressure air -- a portable 
rotary blower or a tank type vacuum cleaner. 

2. A flow measuring device usually an orifice 
assembly consisting of straightening vanes 
and an orifice plate mounted in a straight tube 
with properly located pressure taps. Each 
orifice assembly is accurately calibrated with 
its own calibration curve. Pressure and flow 
readings are usually taken with L-tube ma- 

^"ometers. 
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Test Procedure 

1. Test for audible leaks as follows: 

(a) Close off and seal all openings in the 
duct section to be tested. Connect the 
test apparatus to the duct by means of a 
section of flexible duct. 

(b) Start the blower with its control damper 
closed (some small blowers popularly 
used for testing ducts may damage the 
duct because they can develop pressures 
up to 25 inches w.G,). 

(c) Gradually open the inlet damper until the 
duct pressure reaches 2 inches sf.G. in 
excess of designed duct operating pres- 
sure. The test pressure is read on ma- 
nometer No. 1. Note that the pressure is 
indicated by the difference in level be- 
tween tTie two legs of the manometer and 
not by the distance from zero to the read- 
ing on one leg only. 

(d) Survey all joints for audible leaks. Nfark 
each teak and repair after shutting down 
blower. Do not apply a retest until seal- 
ants have set. 

2. After all audible leaks have been sealed, the 
remaining leakage should be measured with 
the orifice section of the test apparatus as 
follows: 

^ SMACNA High Velocity Duct Stondords— 2nd Ed, 

(Reproduced with permission) 



(a) Start blower and open damper until pres- 
sure IP duct reaches 2 inches w.c. in ex- 
cess of designed duct operating pressure. 



If it does, the leaks must be located by 
more careful listening or by feeling along 
the joint. 



(b) Read the pressure differential across the 
orifice on manometer No. 2. The leakage 
rate in cfm is read directly from the cali- 
bration curve, similar to that shown in 
Fig. 10-2. If there is no leakage, the 
pressure differential will be zero. 

(c) Total allowable leakage should not ex- 
ceed one (I) percent of the total system 
design air flow rate. When partial sections 
of the duct system are tested, the summa- 
tion of the leakage for all sections shall 
not exceed the total allowable leakage. 

(d) If all audible leaks have been corrected, 
it is unlikely that the measured leakage 
will exceed one (1) per cent of capacity. 



(e) It should be noted that even though a sys* 
tem may pass the measured leakage test, 
a concentration of leakage at one point 
may still result in a noisy leak which, of 
course, must be corrected. 

FREQUENTLY A CONTRACTOR INSTALLING 
A HIGH VELOCITY DUCT SYSTEM WILL EM- 
PLOY A DUCT JOINT WITH WHICH EITHER HE 
OR HIS WORK FORCE HAVE NO EXPERIENCE- 
IN SUCH A CASE, IT IS STRONGLY RECOM- 
MENDED THAT THE CONTRACTOR PROMPT- 
LY TEST THE INITIAL 100 TO 300 FEET OF 
DUCT BEFORE INSTALLING ANY MORE DUCT. 
THIS TEST WILL QUICKLY REVEAL WHETHER 
OR NOT THE WORKMEN CAN MAKE THIS 
JOINT AIRTIGHT IN AN ECONOMICAL MANNER. 
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SMACNA High Veloclly Duct Standards — 2nd £d. 




MANOMETERS 

Fig. lO'l 



LEAKAGE 
CFM 




2 
15 



1 1 1 L_LJ i ■> I M N 1 L_LJ 1 M M M 

.1 .15 .2 .3 4 .5 j6 B I L5 2 3 4 5 6 8 10 
PRESSURE DROP ACROSS ORIFICE IN INCHES OF WATER 

Fig. 10-2 

typical leakage test curve 

note: typical leakage test curve will vary 
considerably with test equipment used. 



APPARATUS FOR LEAK TESTING 
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Duct Check- Point s 
Verify that: 

!• Proper metal gase is used consistent with the dimensions 
of the duct and SMCCNA. Shop fabricated duct should be 
inspected at the shop, or samples sent to the job site* 

2. The duct size is enlarged to allow for interior lining. 

3* Elbows are used where possible j otherwise approved turn- 
ing vanes are used for 90^ turns. 

4. Damper frames fit tightly inside ducts, and damper blades 
close tightly with no leakage around ends. 

5. Stiffening and bracing of largo ducts and plenums are in 
accordance with SMCCNA standards. 

6. Duct seams are hammered shut tightly. Drive seams are used 
in tight places. 

7. Duct seams are taped, supply and exhaust, (v/here specified). 

3. Sufficient space is allowed for applying insulation. 

0. Access doors for fire dampers and similar devices inside 
the duct are located close to the damper. 

10. Transitions are made with a 5 to 1 slope vAiere possible. 

11. Size clianges (to clear interferences) are made in accordance 
with Pigc 14-7. 

12. Aluminum duct is used for moisture -laden air, as evaporative 
condenser discharges, shower exhaust fan ducts, etc. 

13. ISxhaust ducts or systems carrying shavings, lint, etc, are 
smooth inside -.vith no projecting screws and have cleanouts 
at changes of direction. 

14. Ducts ai^e supported per SMCCNA standards, or equal* 

15 • Balancing dampers are easily accessible and have locking 
devices* 

16. Fire daripei'^s bear the National Board of Fire Underwriters 

approval seal, or are approved by the State Fire Marshall. 

17.. Fire dampers are installed in accordance with the manu- 
facturer's instructions (air flow direction, horizontal or 
vertical, correct temperature rating of fusible links). 
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15 • TYP3S OP VENTILATING SYSTEMS 



The principal features of some of the basic air conditioning, 
heating and ventilating systems will be covered. Many varia- 
tions of these will be encoiintered in practice depending on the 
particular environmental requirements. 




MfMlMUM O0T5IPE 
A/R DAMPER. 



I 1 ^I^ 

/\ /\ /\ 



Basic Air Conditioning System (Fig. 15-1) 

Outside air is drawn in through the maximum and minimum outside 
air dampers, through the filters, heating and cooling coils, and 
distributed to the room outlets. The air is exhausted and/or 
returned to the outside and recirculated back through the condi- 
tioning apparatus. The amount of air drawn in from the outside 
is a minimum during hot or cold weather in the interest of 
economy^ The minimum air damper is set at a certain fixed open- 
ing and never closes except when the plant shuts down. The main 
air damper controller also controls the return and exhaust air 
dampers so as to maintain the same volume of air flowing through 
the fan. The system either heats or cools, the heating and 
cooling coils being controlled by one thermostat. 
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PITCHED IN THE UNIT 
STEAM COIL 



COMPLETE LINE OF ACCESSORIES 



CONTINUOUS GALVANIZED 
STEEL CONSTRUCTION 




PERIMETER SEALED 
ZONE DAMPERS 



DRAINABLE COILS 



EXPLODED VIEW OF A MULTIZOKIE UNIT 



Courtesy McQuayJnc. 



Multlgone System (Fig. 15-2) 

Outside air is dravm in through maximxim and minimum outside air. 
dampers, or from the recirculation duct, and discharged by the 
fan into the space upstream of the heatirig and cooliig colla. 
The air divides between the hot and cold coil, the quantity 
depending on the openings of the dampers at the outlet of the 
hoT; and cold plenums. The entire width of the hot and cold 
plenums is divided into sections, or zones, each with a separate 
set of mixing dampers. The individual hot and cold dampers are 
linked together, but 90° apart, so that as the hot damper is 
moved to the closed position the cold damper opens, and vice 
versa. The zone dampers are controlled by a zone thermostat 
located in one of the rooms in the zone being supplied. 
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RETURN AlP 
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The reheat system Is similar to the Basic Air Conlltlonlng 
(Fig. 15.1) exoept the main heating ooll Is replaced with re- 
heat colls in tl:^ supply ducts to separate zones. The reheat 
colls are controlled by thermostats In the respective zones. 
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Induction System (Fig. 15-5) 

The blower delivers outside or chilled air to the Individual 
room units. The Induction units have rows of small Jets which 
deliver the air at a high velocity Into the mixing chamber. 
The aspirating effect draws air through the heatii^ coll which 
is controlled by a temperature regulating valve and room ther- 
mostat. The warm and cold alP is mixed and delivered to the 
room. Induction systems also use tempered or warm air in the 
duct, and a chilled water coll. The coll Is operated at a 
temperature above the dew point to tjrevent condensate formation. 
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A?s« DAMP! 
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HOT DUCT, 
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"MINI.O.S.A. 



Ate OUTLETS 



MIXING* Box 
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' CO\JO PUC" 



Fig. 15-6 

TH ERMO STA T « C A L LY 

COW TROLLED OAMPER MOToe 




I 

SP&IN& CONTf^OLLF^ 
COWSTAKiT VOLUME 



SCHEMATIC P)AG>gAM 
Fig. 15-7 

High Pressure Dual Pact System (Fig« 15^-6) 

This system is similar to the low pressure dual duct except it 
utilizes high velocities and high pressure in moving the air 
through ducts designed for 6" w.c, pressure. The air is dis- 
tributed through mixing boxes to the usual diffusers and reg- 
isters. The schematic diagram of a mixing box (Pig. 15-7) 
indicates a pneumatically operated motor moving the mixing 
damper in and out to provide the required temperature as con- 
trolled by the room thermostat. The air volume leaving the 
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mixing box is controlled automatically by a spring loaded 
volume damper built into the box. The interior is lined with 
insulation for sound attenuation and heat .barrier. 
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16. T3STING AMD BALANCINS OF VSNTILATIOK SYST3MS 



Th0 Importance of adjusting and balancing a ventilation ayatem 
can not bo overemphfiialzed. The proper amount of draftleaSf 
noiseless, conditioned air circulated througb the occupied 
spaces represents the product ; the sum total of the expense of 
engineering, mechanical equipment, piping, duct work and controls 
that have gone into the plant. The balancing technician is not 
a magician; he cannot produce designed results if the design is 
off, but many times in the past the ball has been dropped at this 
crucial stage because of untrained personnel attempting to bal- 
ance a system. Air balancing is a tedious task and involves 
goins over certain operations several times. The finished re- 
sult is not a tangible object, and faults and deficiencies may 
not bo apparent until the spaces have been occupied. For this 
reason a methodical approach in going through the testing must 
bo follov/ed and accurate and truthful records kept. The integ- 
rity of a balancing firm is as important as its technical ex- 
pert5.se. There is a tendency among some technicians (in the 
minority) to report readings considerably different than the 
actual in order to expedite the Job. The balancing firm or 
technician should be directed to report the final cfm readings, 
as read, oven if they are low, if they represent the best results 
obtainable within the carabllitles of the system. This then 
should be referred bad: to the designer. The job of the Inspector 
Is to bo faniliar with the methods th^ balancer is using ( or 
chould bo usin^) and verify the data at least on a spot check 
basis. 

The mechanical Inspector should revie?/ the ventilation duct work 
dravfings at the beginning of the job to determine if there are 
sufflclort dar.pers provided for balancing the air flo-;. These 
shoul'1 ircTudo a manual daiiper at the follov;ing locations: 

1. out 3 'do ulr siup;7l7 

2. return air 

3. in 3ach zone of a imiltizone unit 

4. at 1:13 branch connection to a main duct 

5. at ;:\ch diffuser or rerjlster outlet. 

A sii\;l-: Jci:ir^*:x» al tno dlffui^or or register outlet cannot be 
MwOd to de all th^j thrcttllnj ac it y;ill ^onorata objectionable 
ii'wiGC ill tho rcOiU boln^ £u;;t li'jd, honco the roquiremjut for a 
back-'.ip ua:.:r>er at t'le Tjrr."ch cormocLion, 

Irovl^ .V, n : iT"!st be .-nado Toi' o:;tractjrL, lcoo;.-::, -jlic, foi- 

uivortlnj air Trcir^ .:L.in riina 'anch^s {Fiz^ 1^-1 )• 

Tivj vai^louG ai/' V*al ..i^oii^j xlz-'i'M: LVirouj 'Vjwt tho Vmiim and Canada 
have fonriecl in(lui:!:rv um] ortod a£:i:ccia':ions .vhich liave don^^ 
iiUch to standardise M^':jt>Lods and procodMrec. The Associated Air 
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REGISTER a GRILLE CONNECTIONS 
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Balance Council'^ has produced a balancing procedure outline 
which satisfactorily covers all steps (Pigs. 16-2 and 16-3) • 
The corresponding forms developed by AABC are shown in the 
appendix. 



Instruments^ Types and Use 

Referring to Pigs. 16-2 and 16-3, "Balancing Procedure Outline" 
the duct traverses and static pressure readings require the use 
of a Pltot tube and U-tube manometer the application of which 
is covered in Section 4, "Air Kovers". The motor load is found 
with the clatnp-on amrieter, and the fan and motor speeds with a 
tachometer. The air delivered from the individual room outlets 
is measured by the instrument 'best suited to the type of outlet. 
For a register » one of the following may be used: 

a» rotary type anemometer 

b# bridled vane anemometer (Flo-rite) 

c. deflecting vane anemometer (Velometer). 

Type (a) and (b) are used by dividing the register in say, 4 
equal areas, (by approximation) and taking a reading for each 
area and finding the average • The reason for this is that a 
branch outlet taken off at right angles from the main will have 
an unequal velocity distribution across its width. The velocity 
must not be foimd by moving the anemometer back and forth during 
tne mTnute time interval as this will not give a true average. 
The anemometer reads directly in feet per minute, hence the 
reading is taken for one ttiinute. The reading average is then 
multiplied by the core area, in square feet, which will give the 
volume in cubic feet per minute: 

cubic feet per minute - velocity (fpm) x effective area 

(sq ft) 

(effective area z registers manufacturer's effective 

anemometer area) 

The Velometer/ can be used with the tip prescribed by the manu- 
facturer and the appropriate register factor. However, the 
rotating anemometer is most generally used. The flov; rates for 
exliaust registers are similarly found, except an average factor 
of 0.85 multiplied the duct area may be used. 

The measurement of flov; from ceiling dif fusers is r^ad with a 
Velometer, using the appropriate tip and factor published by the 
manufacturer for exact model and size of diffuser beir\s tested. 
Funnel shaped ^'hoods'* are used for diffusers with perforated 
plates. The hood is the size of the diffuser at the big end and 
tapers dov/n to 1 sq ft or 0.5 sq ft at the outlet • The volocity 
is then read with a velometer or anemometer. 
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AIR DISTRIBUTION SYSTEMS 
AABC APPROVED 
BALANCING PROCEDURE OUTLINE 



22. In order to meet the required tolerance of the plans & specifications^ the 
following general testing and balancing procedure shall be used* 

PHASE ONE: 

A. All supply and return air duct dampers are set at full open 
position. 

B. All diffuser and side wall grilles are set at full open position. 

C. Outside air damper is set at minimvim position. 

D. All controls checked and set for full cooling cycle. 

E. Branch line splitter dampers to open position. 

F. Set all extractors and distribution gride in wide open positions* 

PHASE TWO: 

A. Drill all probe holes for static pressure readings, pitot tube 
traverse readings and temperature readings. 

B. Check motor electrical current supply and rated running 
amperage of fan motors. 

C. Check fan and motor speeds. 

D. Check available adjustment tolerance. 

PHASE THREE: 

A. Make first complete air distribution run throughout entire system 
recording first run statistics). 

B. Using pitot tube traverse in all main duct, branch duct, supply 
and retuin^ROPORTION all air in required amounts to the 
various main duct ruixs and branch runs. 

C. Make second complete air distribution run throughout entire 
system for check on proper PROPORTION of air. 

PHASE FOUR: 

A. Using pitot tube traverse set all main line dampers to deliver 
proper amount of C, F. M. to all areas. 

B. Using pitot tube traverse set all branch line dampers to deliver 
. proper amount of C. F. M. to diffuser s and side wall supply 

grilles in each zone. 

C. Read C, F, M. at each outlet and adjust to meet requirements. 

D. Test and record all items as listed (testing procedure Item C). 



TESTING PROCEDURE - ITEM C 



The air balance agency shall perform the following tests and balance system 
in accordance with the following requirements: 



Pig, 16-2 
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1. Test and adjust blower R. P. M. to design requirements. 

2. Test and record motor full load amperes, 

3. Make pitot tube traverse of main supply ducts and obtain design 
C. F. M. at fans. 

4. Test and record system static pressures, suction and discharge. 

5. Test and adjust system for design recirculated air, C. F. M. 

6. Test and adjust system for design C. F. M. outside air. 

7. Test and record entering air temperatures. 
(D. B. heating and cooling) 

8. Test and record entering air temperatures. 
(W. B. cooling) 

9. Test and record leaving air temperatures. 
(D. B. heating and cooling) 

10. Test and record leaving air temperatures. 
(W. B, cooling) 

11. Adjust all main supply and return air ducts to proper design C. F. M. 

12. Adjust all zones to proper design C. F. M. supply and return. 

13. Test and adjust each diffuser, grille and register to within % 

of design requirements. 

14. Each grille, diffuser and register shall be identified as to location 
and area. 

15. Size, type and manufacture of diffusers, grilles, registers and all 
tested equipment shall be identified and listed. Manufacturer's 
ratings on all equipment shall be used for required calculations. 

16. Readings and tests of diffusers, grilles and registers shall include 
required F. P. M. velocity and test r=^^: ;ltant velocity, required C. F. M. 
and test resultant C. F. M. after adjustments. 

17. In cooperation with the control manufacturer's representatives setting 
adjustments of automatically operated dampers to operate as specified, 
indicated and/ or noted. 

18. AH diffusers, grilles and registers shall be adjusted to minimize 
drafts in all areas. 

19. Asa part of the work of this contract, THE AIR CONDITIONING 
CONTRACTOR shall make any changes in the pulleys, belts and damp- 
ers or the additions of dampers required for correct balance as recom- 
mended by Air Balance Agency at no additional cost to Owner. 



Fig, 16-3 
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Limitations of Anemometers 



The rotary anemometer Is Individually calibrated at the time of 
manufacture and should be re-calibrated periodically thereafter. 
The lov/er limit of accuracy is about SOO fpm. It should be held 
in the air stream so that the speed indicator turns cloclwise. 
Deflectinf^ vane anemometers require careful handling and require 
periodic recalibr ation. They arc available in several ranges of 
velocity, and should be selected v/ith a mid ran^e of 1,000 fpm 
since this is the usual diffuser outlet velocity. The Air 
Diffuser Council (an association of diffuser manufacturers) 
bases its test code for est ablisjiin^ outl3t factors on the 
Alnor Velometer inctrvunent usins a tyrn 2220A tip. FI3. lG-4 
illustrates the ur^e of the above instruiuents . 



Hydronlc Balancin g 

Also important in the balancing of a systora is the setting and 
recording of hot v/ator and chillo.^ wate^^ flov/ rates. This is 
made possible v/lth the use of vonturi flov/ nozzles and orifice 
plate meters permanently installed in the system. Provision 
is made for connect inr; the 1*3. ads of a portable flow indicator 
upstream and dovmstrcam of the flov; device, and the flow read- 
ing in inches of v;ator prosLUire differential (generally) is 
converted to 2pm by means of a chart furnished by the iuanuf actlirer . 
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Reprinted with permission from 
Tuttle and Bailey, Division of Allied 
Thermal Corporation. 



17. INSTRU^raiCTATI ON 



This section ^ivill describe the various types of instruments 
that are used in heating, ventilating and air conditioning sys- 
tems and the manner in which they should be installed. The 
accuracy and hence, usefulness, of a thermometer, gage, flow- 
meter, etc, depends on how and where it is installed in the 
system, A device that gives the wrong indications is worse 
than none at all. 



Plow measuring devices include orifices and Venturis which are 
shown schematically in Fig. 17-1. 





VENJTUP'-l r U.-r>1ENT 
Pig. 17-1 

In each case, the water velocity is increased temporarily as it 
flows through the element. Por a given orifice or venturi 
diameter the flow can be found measuring the pressure drop 
across the element. It is mandatory, however, that there be a 
smooth, non-turbuient flow of the fluid approaching and leaving 
the device, otherwise an inaccurate reading v/ill result. A 
smooth upstream and downstream flo^v is obtained by providing a 
certain length of straight pipe on both sides, depending on 

(1) the ratio of the orifice diameter to the pipe diameter and 

(2) the nature of the disturbing elements upstream and down- 
stream. Referring to Pig. 17-2, various piping configurations 
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ORIFICE AND FLOW NOZZLE INSTALLATION 




are shown with charts giving the orifice location. The diam- 
eter ratio (ordinate) is as described above, and the abscissa 
indicates the diameters of straight pipe; i.e., 20 diameters 
of 6^ pipe u 120 inches, etc. Additional pipe configurations 
are shown in the appendix* If the space limitations are such 
that the minimum straight run of pipe ahead of the orifice 
cannot be obtained, straightening vanes must be used as shown 
in the schedules. Fig. 17-3 shows some typical straightening 
vanes. The set of orifice flanges are drilled internally to 
provide upstream and downstream pressure taps for the orifice 
plate. The pressure connections are on top of the flanges. 
The machine screws projecting from the backs of the flanges 
are Jack screws for forcing the flange faces apart. The orifice 
plate is the paddle type, the handle of which is stamped with 
the orifice and pipe diameters, and indicates which way the 
stamped side is to face (upstream or dov/nstream). 






Pig. 17-3 Pig. 17-4 Pig. 17-5 

The ventTiri flow nozzle is not as sensitive to turbulence as 
the orifice and generally requires 5 pipe diameters upstream 
and 2 pipe diameters downstream. Orifices used for flow raeasxxre- 
ment of steam or gases are designed and calibrated for a specific 
presstire, temperature and density of the medium. Any departure 
from these stated conditions will cause an erroneous reading, and 
must be corrected back to the meter standard. 



Thermometers should be installed inside thermometer wells in 
piping, with the bulb in the center of the pipe. The range of 
the thermometer should be selected so that the normal operating 
temperature will be at mid-scale. They are best installed at 
eye height if possible; or with an inclined face if higher. 
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INSTALLATION INSTRUCTIONS FOR 



ALL MODEL RINCO VENTURIS 



SAME NOMINAL PIPE SIZE AS CONNECTORS OUT OF SIDE 




ANY OTHER FITTING 



Pig. 17-6 



1) Note cast direction axTOM on venturi and make sure flow is in direction 
of axTou, Venturi may be installed in any position. 

2) Red Quick-Disconnect assembly should be installed on red or up-stream tap. 

3) Green Quick-Disconnect assenbly should be installed on green or dov^n- 
stream tap. 
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and be visible from the operating level 



Gages should also be selected so that the operating pressure 
is near to mid-scale as this is the most accurate point. Gage 
syphons are necessary for steam and hot v/ater service to pre- 
vent damage to the gage. Rapidly fluctuating pressures will 
soon v^ear out a gage and can be corrected by using a "snubber" 
fitting in the gage line. Gage connections should not be made 
on or near fittings where turbulent flow exists, and be arranged 
so that the gage may be easily installed and removed for cali- 
bration. The accuracy of gages can be checked with a "dead 
weight" gage tester, or bj comparison with a test gage of 
known accioracy. 
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Copper Expansion Loops and Offsets A-.4 

Steam Traps A-5 

Thermostatic Expansion Valve Operation A-6 
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Friction of Air in Pipe (Ducts) A-S 

AABC Air Balancing Test Sheets • • A-9 

S3rmbols for Ventilation and Air Conditioning A-IO 
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Liquid Plow Chart for Control Valves A-12 

Orifice Plow Meter Placement for Various 

piping Configurations • • • A-13 

Table for. Dry Saturated Steam A-14 

Temperature Conversions A- 15 
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COMMERCIAL WROUGHT STEEL PIPE DATA 



Nolo: I: The letters "s'\ "x" and "xx** in the cnhnun of ScUctl- Nc>;e 2: The valuer shown in square feci for the TransverRC In« 
iilr NnmlHTs indicate Standard, Extra Strong and Double Extra ternal Area aJso represent the volume in cubic feet per foot of 
Strong Pipe, re^pcciively, pipe length. 
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1 .040 


.4930 


HtVlO 


.00600 


08734 


1.678 


.375 


.344 


.1328 


1 


1.315 


80z 


.179 


.957 


.t>388 


. 7100 


.00400 


. 1056 


2.171 


.312 


.344 


. 1006 






160 


Z.'iO 


.815 


.8365 


!52I7 


.00362 


.1251 


2.840 


.2.30 


.344 


. 1903 






. . .zx 


.358 


.5()9 


1 . i>7r»o 


.2K2 


.00106 


.1405 


3.6.50 


.122 


.344 


.2136 






40a 


.140 


1.3S0 


.0085 


1.405 


.01040 


. 1114 r 


2.272 


.640 


.435 


.2346 


IK 


1.660 


80z 


.101 


1.278 


.8815 


1 283 


.00891 


.2418 


2.006 


.55.S 


.4.35 


.2913 






160 


.250 


1 . 160 


1 . 1070 


l!057 


.00734 


.2839 


3.764 


.458 


435 


.3421 






. . .zz 


.382 


.806 


1.534 


.630 


.00438 


.3411 


5.214 


'273 


^435 


.4110 






40i 


.145 


1.010 


.7995 


2.036 


.014 14 


.3009 


2.717 


.882 


.497 


.3202 


IH 


1.900 


80z 


.200 


1.500 


1 .Oti8 


1 767 


.01225 


.3912 


3.631 


.765 


.497 


.4118 






160 


.281 


1 .338 


1 .429 


1.406 


.00976 


.4824 


4 . 862 


.608 


.497 


..5078 






. . .zx 


.400 


l!lOO 


1885 


.950 


.00600 


. 5678 


6.408 


!42 


'497 


.6977 






409 


.154 


2.007 


1 .075 


3.355 


.02330 


.0657 


. 3.652 


1 .45 


. 622 


.5606 


2 


2.375 


80z 


.218 


l!03fl 


1.477 


2.9.'>3 


.020.50 


.8670 


5.022 


1.28 


.622 


'7300 






160 


.343 


1.689 


2. 190 


2.241 


.015.16 


1.162 


7.440 


.97 


.622 


.979 






. . . . zz 


.436 


1.503 


2.656 


1.774 


.01232 


1.311 


9.029 


.77 


.622 


1.104 






40i 


.203 


2.4G9 


1.704 


t . too 


.03322 


1.530 


6.79 


2.07 


.753 


1.004 


•71 


2.875 


80z 


,276 


2 . 323 


2.254 


4.238 


.02042 


1.924 


7.66 


1 .87 


. 753 


1 339 






160 


!375 


2^125 


2! 045 


3.546 


.02463 


2.353 


10.01 


l!54 


.753 


K638 






. . .XX 


.552 


1.771 


4.028 


2.4M 


.01710 


2.871 


13.70 


1.07 


.753 


1.997 






40b 


.216 


3.068 


2.228 


7.393 


.05130 


3.017 


7..5S 


3.20 


.016 


1.724 


3 


3.500 


80z 


.300 


2.000 


3.016 


6. 605 


.04.587 


3.894 


10.25 


2.80 


.016 


2.225 






160 


.437 


2 . 620 


4 .205 


5.410 


.0.1761 


5.032 


14 32 




916 








. . .zz 


.eoo 


2.3(J0 


5! 466 


4.155 


.02885 


5.093 


18^58 


1.80 


.910 


3.424 


an 


4.000 


40» . 


.22U 


3.548 


2.080 


9.886 


.06770 


4.788 


9.11 


4.29 


1.017 


2.394 






SOx 


.318 


3.304 


3 . 678 


8. 888 


-.06170 


6.280 


12.51 


3. 84 


1.017 


3.140 






40b 


.237 


4.026 


3.174 


12,73 


.08840 


7.233 


10.79 


5.50 


1 . 178 


3.214 






80z 


.337 


3 . K2» 


4.407 


11.50 


.07986 


0.610 


14.98 


4^98 


1.178 


4.271 


4 


4.600 


120 


.4^7 


3.020 


5.578 


10.33 


.0717 


11.65 


19.00 


4.47 


1 .178 


5.178 — 






160 


.A:n 


3.4:iN 


6.621 


0.28 


.0045 


13.27 


22.51 


4.02 


1.178 


5.898 






. . .zz 


,m 


3.152 


- H.lOl ■ 


7. HO 


.05-12 


15.28 


27.54 


3.:w 


1.178 


6.791 






4(hi 


.'2riH 


5.<H7 


4 . 3(H) 


20.01 


.lami 


15.16 


14.62 


8.67 


1.456 


— 

5.451 






M)Z 


.375 


•1 Ki:( 


.. ii.iia 


18.10 


.12«3 


20.67 


20. 7h 


7.KH 


1 .456 


7. V.U 


s 


5.5<UI 


J 20 


.I'AH) 




7.^53 • 


16.35 


.1136 


25.73 


27.10 


7.0!» 


1 . 4.'j<t 


{».2.5<» 






160 


. (i25 


•1 ;113 




14.61 


. 1015 


30.03 


:i2.06 


o.:(:< 


1 .156 


10 . 706 






. .zz 


. 7riO 


•V . ttli3 


V 11 .340 


12.07 


.0{K)1 


33.6:1 


:{H.55 


5.61 


1 .456 


12.0!Ki * 






40ii 


.280 


tt.(m5 


5.581 


28.89 


.2006 


28.14 


18.07 


12. 51 


i.7:m 


8 5(! 






80z 


.432 


5.7m 


8.405 


20.07 


.1810 


40.49 


28 .-17 


1 1 . 'JU 


1 . 7:t4 


12.2L' 




0 625 


120 


.502 




10.70 . 


23.77 


. Kyu) 


40.61 






1 734 


I4.n.s 






160 


.7iK 


5.1 MO 


13.32 


21 . 15 


. 1469 


.58.97 


45.30 


9. 


1 . 734 


17.. SI 






. . .xz 


.804 


4.807 


15.64 


18.84 


.1308 


ii6.:{a 


.53.16 


8. It; 


1. 734 . 


20.(12 






20 


.250 


8.125 




51.85 


.36i>l 


:*7.72 


22.36 


22.4: 


2. 2. 'A 


i3.:t;i 






30 


.277 


H.071 


7 26 


51 . 16 


.3551 


i>3 35 


24 . 70 


22 . 1 ; 


2 . 25S 


14.6<i 






40h 


.322 


7.<*81 


8 40 


50. at 


.3474 


72.49 


28.5.5 




2.2.-|\ 


16. hi 






60 


.400 


7. hi:* 


10. 4H 


47.04 


.33211 


SH.73 


35.64 


"H 77 


•J LV.s 


20 .5s 


8 


8.625 


80z 


..'jOO 


7.<i25 


12.70 


45.60 


.3171 


J 05. 7 


43.. '{9 


l!».7.S 




24.. 5- 






100 




7 AliU 


14. mi 


43.46 


.:uiiH 


121 .3 


.50.87 


IJ* H3 


2.2:.s; 


28 l i 






120 


,718 


7 ASH 


17.84 


40.59 


.2K19 


140.5 


00.63 


17.. 59 


2 . 2.*»S 


32 5S 






140 


.812 


7.001 


19.03 


38.50 


.2673 


153.7 


67.76 


16.68 


2.25^ 


:i5.t't:. 






. . .XX 


.875 


6.875 


21.30 


37.12 


.2578 


162.0 


72.42 


16.10 


2.258 


37 .56 






160 


.900 


6.813 


21 . 07 


36.46 


.2532 


165.0 


74.60 


15.80 


2.258 


38.48 
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COJVUVIERCIAL WROUGHT STEEL PIPE DATA (concluded) 















— TraiitvrnM» 


Moment 




Weight 


Est mini 


Hetiiun 




Outtfitic 




Wall 


Iiuiidc 




Intrrnai Ar«a 


uf Interior 


Wright 


of W»tcr 


Hurfnev 




NoniitiHl 


Dtniiiftfr 




Thick iintd 


Dmnictcr 


of Mctrtt 




See Note 2 


(1) 


of Pipe 


PouniU 




/ 1 \ 


I*tp« Stxi* 






(t) 


W) 








Inchfn to 


Pountk 


per Foot 




i'r) 


Inrhti* 




tkv Note I 


Inrhin 


Inriim 


8<i IiifhM 






4th Puwcr 


per Foot 


of Pipo 


uf Pip«< 








20 


.250 


10.250 


a. 24 


H2.52 


.5731 


113.7 


2».0t 


35.70 


2.814 


21.15 






«iO 


.:n»7 


10.130 


10.07 


HO. 00 


.5003 


137.4 


:m.24 


:«.oo 


2.814 


25.57 






40m 


.aur» 


10.020 


11.90 


78.80 


.M75 


lliO.7 


40.48 


;u.20 


2.814 


29.00 






t'lOx 


MX) 


U.750 


m.10 


74.60 


.5185 


212.0 


rA.74 


32.35 


2.814 


30.43 


10 


10 7.10 


8(1 


.:m 


0.54VI 


IH.92 


71. M 


.4!»N0 


244. H 


114.33 


31.13 


2.814 


45.. >l 






HX» 


.71K 


II. ail 


22. lU 


<M.13 


.4732 


2.S0. 1 


70.03 


20.53 


2.814 


53.22 






120 






2li.2i 


IV1.5:) 


.41MI 


321.2 


80.20 


27.1MJ 


2.N14 


IX>.32 






140 


l.(XN) 


.S.750 


:}U.«'>3 


IX). 13 


.417(1 


307. H 


101.13 


20.<H1 


2.814 


iw.ia 






liiO 


1 . 125 


K.5(K> 


34.02 


50.75 


.:i!Mi 


31X1.3 


115.05 


24.50 


2.814 


74.2*1 



20 


, 2.V) 


12.2r»0 


0 . H2 


117. HO 


.8185 


101.8 


33.38 


51.07 


3.:i:t8 


30.2 


30 


.330 


12. (Mm 


12.87 


114.80 


.7072 


248.4 


43.77 


40.74 


a.rm 


38.1 




.375 


12.1XX» 


14.58 


113.10 


.785^1 


270.3 


49.W1 


4U.00 


3.338 


43.8 


•10 


. UK» 


11.038 


15.77 


in. 93 


.7773 


300.3 


53.53 


48.5b 


3.338 


47.1 


. .X 


.5(M> 


11.750 


10.24 


108.43 


.7528 


301.5 


05.42 


40.02 


3.338 


5l».7 


I'iO 


.5i;2 


11.020 


21.52 


100.10 


■ .7372 


400.4 


73.10 


40.0i0 


3.33.H 


02. K 


SO 


.i)S7 


11.370 


20.03 


101. Ot 


.70.'58 


475.1 • 


88.51 


44, Ot 


3.33K 


74.0 


too 


.843 


11.00-t 


31.53 


tMi.l4 


.<MJ77 


501.0 


107.20 


41.00 


a.33M 


8M. 1 


120 


l.(MNI 


10.750 


30.01 


{K).70 


. (UflKl 


01 1.0 


. 125.40 


au.33 


a.33s 


KXI.7 


1 10 


1.125 


I0.5(X) 


41.08 


80.50 


.0013 


700.5 


133. IW 


37.52 


3.33S 


lOtJ.O 


IIX) 


1.312 


10.120 


47.14 


80.53 


.:i502 


781.1 


1WI.27 


34.80 


a.:i:{8 


122.0 



10 


.250 


13.500 


10.80 


143.14 


.9«M0 


255.3 


30.71 


112.03 ■ 


3.0<i5 


30.0 


20 


.312 


13.370 


13.42 


140.52 


:9758 


314.4 


45.08 


00.89 


3.1X^5 


45.0 


IW* 


.375 


13.250 


1G.05 


137. 8S 


.9575 


372.8 


54.57 


59.75 


3.065 


53.2 


40 


.437 


13.120 


18.01 


135.32 


.9397 


429.1 


03.37 


58.04 


3.0IKJ 


01 .3 


. . .X 


.500 


la.ttX) 


21. 2t 


132.73 


.9217 


483.8 


72.09 


57.40 


3.Wi5 


09.1 


IMJ 


.5<KI 


12.814 


24.98 


128.90 


.89541 


502.3 


84.91 


55.80 


3.0({5 


80.3 


80 


.750 


12.500 


31.22 


122.72 


.8522 


087.3 


100.13 


5:s.i8 


3.005 


98.2 


too 


.937 


12.120 


38.45 


115.49 


.8020 


824.4 


130.73 


o0.04 


3.005 


117.8 


120 


1.003 


tl.814 


44.32 


100.02 


.7612 


929.0 


150.07 


47.45 


3.063 


132.8 


140 


1.250 


11.500 


5<K07 


103.87 


.7213 


1027.0 


170.22 


45.01 


3.005 


140.8 


IIK) 


1.400 


11.188 


55. G3 


98.31 


.6827 


1117.0 


189.12 


42. (to 


3.005 


159.0 



10 


.250 


15..100 


12,37 


188.60 


1.3103 


383.7 


42.05 


81.74 


4.189 


48. 0 


20 


.312 


15.370 


15,38 


185.69 


1.2895 


473.2 


52.30 


8U.30 


4.189 


59.2 


30» 


.375 


15.250 


13.41 


182.05 


1.2084 


502.1 


02.58 


79.12 


4.189 


70.3 


40x 


.5(X» 


I5.(NXI 


24.35 


170.72 


1.2272 


731.0 


82.77 


70.58 


4.189 


01.5 


00 


.O.'it) 


14.4»i8 


31.62 


169.44 


1.1760 


•932.4 


107.50 


ra. 42 


4.189 


110.0 


80 


.843 


14.314 


40.14 


100.02 


I.U73 


1155.8 


130.40 


69.73 


4.189 


144.5 


100 


1.031 


13.938 


48.48 


152. 5S 


l.05im 


1304.5 


164.83 


00.12 


4.189 


170.5 


120 


1.218 


13.504 


50.50 


144.50 


1.0035 


1555.8 


192.211 


62.02 . 


4.189 


194.3 


140 


1.437 


13.120 


05.74 


135.32 


.9397 


1700.3 


223.01 


58.04 


4.189 


220.0 


100 


1.593 


12.814 


ri.io 


128.90 


.8056 


1893.5 


215.11 


55.83 


4.189 


230.7 



10 


.250 


17.500 


13.94 


240.53 


1.6703 


540.1 


47.39 


104.21 


4.712 


01.! 


20 


.312 


17,370 


17.34 


237 . 13 


I.0i07 


078.2 


59.03 


102.77 


4.712 


75.5 


. . .11 


.375 


17.250 


20.70 


233.71 


1 . 6230 


. 806.7 


70.59 


101.18 


4.712 


89.0 


30 


.437 


17.120 


24.11 


230.36 


1.5997 


930.3 


H2.00 


99.84 


. 4.712 


103.4 


. . .X 


.500 


17:000 


27.49 


226. UN 


1.5763 


1053.2 


92.45 


98.27 


4.712 


n7.o 


40 


.562 


10.876 


30.79 


223.08 


1.5533 


1171.5 


104.75 


96.93 


4.712 


130.1 


00 


.750 


10.500 


40.04 


213.83 


1.4849 


1514.7 


138.17 


92.57 


4.712 


KkM.U 


80 


.937 


10.126 


50.23 


204.24 


1 .4183 


1833.0 


170.75 


88.50 


4.712 


203.8 


100 


l.laO 


15.688 


01.17 


193.30 


1.3423 


2180.0 


207.90 


83.70 


4.712 


242.3 


120 


1.375 


15.250 


71.81 


182.60 


1.2U84 


21G8.1 


244. 14 


79.07 


4.712 


277.0 


140 


1.5U2 


14.S70 


80.00 


173.80 


1.2070 


2749.0 


274.23 


75.32 


4.712 


305.5 


100 


1.7H1 


14.438 


90.75 


163.72 


1.1369 


3U20.0 


308.51 


70.88 


4.712 


335.0 



20 



20.00 



24 



24.00 



10 


.250 


19.500 


15.51 


298.65 


2.0740 


756.4 


52.73 


129.42 


5.230 


75.0 


20)1 


.375 


19.250 


23.12 


290.04 


2.0142 


1113.0 


78.00 


125.07 


5.230 


111.3 


aox 


.500 


19.000 


30.03 


283.53 


1.Q690 


1457.0 


104.13 


122.87 


5.230 


145.7 


40 


.rm 


18.814 


30.15 


278.00 


1.0305 


1703.0 


122.91 


120.40 


5.230 


170.4. 


t'A) 


.812 


18.370 


48.95 


205.21 


1..M417 


2257,0 


160.40 


114.92 


5.2:10 


225.7 


.MO 


1.031 


17.9:18 


01 .44 


252.72 


1.7550 


2772.0 


20H.S7 


109.51 


5.230 


277.1 


liKJ 


1.281 


17 43S 


75.33 


238. N3 


1.U585 


:{U15.2 


256 . 10 


103.30 


5. 2:10 


331 .5 


120 


1.500 


17. (KX) 


S7.18 


22r>.9S 


1 . 5702 


3754 . 0 


20U.37 


98.35 


5.236 


375.5 


140 


1.750 


10.500 


100.33 


213.82 


1.4S49 


4210.0 


a 1 1 . 10 


92.60 


5.236 


421.7 


14HJ 


LOW 


lO.Oti-l 


111.49 


202.07 


1 .4074 


4585.5 


379.01 


H7.74 


5.230 


458.5 


10 


• .2.'»0 


23.500 


18.05 


433.74 


3.0121 


1315.4 


03.41 


187.95 


0.2H3 


109.6 


20» 


.375 


23.250 


27.83 


424.50 


2.9483 


1942.0 


94.02 


183.95 


0.283 


101.9 


. . .z 


.500 


23.0(X) 


30.91 


415.48 


2.8853 


25^19.5 


125.49 


179.87 


0.2.S3 


212.5 


30 


.502 


22.870 


41.39 


411.00 


2.8542 


2843.0 


140.80 


178.09 


0.2S3 


237.0 


40 


.087 


22.620 


50.31 


402.07 


2,7921 


3421.3 


17M7 


174.23 


0.283 


285.1 


00 


.968 


22.0<i4 


70.01 


382.35 


2.6552 


4652.8 


238.11 


165.52 


0:283 


3S7.7 


80 


1.218 


21.5I»4 


87.17 


305.22 


2.5362 


5672.0 


290. :io 


158.20 


0.283 


. 472.8 


100 


1.531 


20.938 


108.07 


344.32 


2.3911 


6819.9 


367.40 


149.00 


0.283 


570.8 


120 


1.812 


20.370 


126.31 


320.08 


2.2li^l5 


7825.0 


420.39 


141.17 


0.283 


052.1 


110 


2.W2 


19.H70 


142.11 


310.28 


2.IM7 


N62S.O 


483.13 


134.45 


0.2.K3 


718.9 


lliO 


2.343 


19.314 


159.41 


21J2.9S 


2.0:116 


tM:i5.9 


541.94 


. 126. H4 


0,2.<1 


7S7.9 
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COPPER WATER TUBE STANDARDS 



Kominftl 

sue 



Actual 
CD. 



DIMENSIONS AND WEIGHTS 
DIAMETER AND WALL THICKNESS TOLERANCES 

Tvn: K TYi'K J. TYi»r: m* 

ni*coninir>nilr<l for uhi* with nold- HccominriKlrd for with uoUl* Hrrorotncmlrri for Mm- with 

• Avfr&fco O.D. prwl or comprrMsion fttlirma; for crcil or roniprr».Hi(}n fittinKa; for solrirrrd ftttinK^i only; for 

Tolrrancos Konrrn! iiluinbinR involving rrlu- Kcncral plumbing invnlviiiK rela- inicrior uppliration. for hmt- 

(In Inches) tivrly acvprc uervi<'c cDmlilionK tivi'ty h>ii«4Kcvcrn«crvirnromiitionb inK nmi for w;i«U', voiit. aoil 

and for hrnting. giu. Nlrain and and for interior applirntions for and othrr non-pri Khurp appli' 
oil UucH nr.d ucidcrRTOUiid srrvico bcalinKt Kun, atcnm and oil lines tiont» 





Ub incnet; 


Sort 

Annealed 


H;\rd 
Drawn 


Nominal 

wuU 
thick ncflK 
(In Inches) 


Tolrra nco 
(In Inches) 


Nominal 

wull 
thickness 
(In Inches) 


Tolerance 
(In Inches) 


Nominal 

wall 
thickness 
(In Inches) 


TolcTancb 
(In Inchesi 




.375 


.002 


.001 


.035 


.004 


.030 


.0035 






.500 


.nou5 


.001 


.040 


.004 


.035 


.0035 






J 


.625 


.0025 


.001 


,04!) 


.004 


.040 


.0035 








.750 


.0025 


.001 


.040 


.004 


.042 


.0035 








.875 


.003 


.001 


.065 


.0045 


.045 


.004 








1.125 


.0035 


.0015 


.065 


.0045 


.050 


.004 








1.375 


.004 


.0015 


.065 


.0045 


.055 


.0045 


.042 


.0035 




1.625 . 


.0045 


.002 


.072 


.005 


.0(>0 


.0045 


.049 


.004 




2.125 • 


.005 


.002 


.083 


.007 


.070 


.006 


.058 


.006 




2.G25 


.005 


.002 


.095 


.007 


.OKO 


.000 


.065 


.006 




3.125 


.005 


.002 


.100 


.007 


.090 


.007 


.072 


.006 


3H 


3.625 


.005 


.002 


.120 


.008 


.100 


.007 


.083 


.007 


4 


4.125 


.005 


.002 


.134 


.010 


.110 


.009 


.00.5 


.009 


5 


5.125 


.005 


.002 


.160 


.010 


.125 


.010 


.100 


.000 


e 


6.125 


.005 


.002 


.102 


.012 


.140 


.011 


.122 


.010 


« 


8.125 


.006 


+ - 
.002 .004 


.271 


.016 


.200 


.014 


.170 


.014 


10 


10.125 


.008 


.002 .006 


.338 


.018 


.250 


.016 


.212 


.015 


12 


12.125 


.008 


.002 .006 


.405 


.020 


.280 


.018 


.254 


.016 



*Althotigh not recommended. Type M tube is available in sizes % in., ¥t in., % in. and 1 in. for certain services less severe than those 
provided in Table I above. 



TASli II 



Nominal 
Size 



-THEORETICAL WEIGHT- 



i 



is 

5 

6 

8 
10 
12 



(Foubds Per Foot) * 


Type K 


Type L 


Type M 


0.145 


0.126 




0.200 


0.198 




0.344 


0.285 




0.418 


0.362 




0.641 


0.455 




0.830 


0.655 




1.U4 


0.884 


b!682 


1.36 


1.14 


0.040 


2.06 


1.75 


1.46 


2.93 


2.48 


2.03 


4.00 


3.33 


2.68 


5.12 


4.20 


3.58 


6.51 


5.38 


4.66 


0.67 


7.61 


6.66 


13.9 


10.2 


8.02 


25.0 


10.3 


16.5 


40.3 


30.1 


25.6 


67.8 


40.4 


36.7 



LENGTHS 

{a) The standard lengths for tubes furnished straight are 12 and 
20 feet. 

(b) The standard length for tubes furnished in coils is 60 feet. 

LEMOTK TOLERANCE 
Same as for round seamless tube. 

AOUNONESS TOLERANCI 
Same as for round seamless tube, 

WEIGHT TOLERANCE 
Tube shall nol vary in weight by more than 7% from the theoretical 
weight given In Table II. 

TEMPERS 

Types K and L — hard and soft tempers. 
Type M — hard temper only. 

SQUARENESS OP CUT 

^am#> A« fnr round seamless tube. 



o 

ERIC 



A- 



Copper and Brass Research Association 
3 New York, New York 



LIWEAH EXPANSION OP COPPER TUBING AND STEEL PIPE 
(Inches per 100 feet) 



T{M1» RANGS (P) 


COFFCR TUBING 


STCCl 


0 


0 


0 


50 


.56 


.37 


100 


1.12 


•76 


150 


1.69 


1.15 


200 


2.27 


1.55 


250 


2.85 


1.96 


300 


3.45 


2.38 


350 


4.05 


2.81 


400 


4,65 


3.25 


450 


5.27 


370 


500 


5.89 


4.15 



COPPER EXPANSION LOOPS AND OFFSETS 



ZL 



Cb- 

Expansion Loop 



2L 



Cb — i 

Offset 



ERIC 



TUBS 
OD 



LENCTH--L (INCHCS) 
For Trovsl 



(in.) 




t r 


1 iVi". 


2" ! Vh" 


3- 




5* 


6- 




10 


\ 15 


i »^ 


i 22 


25 


27 


30 


34 


38 


VA 


11 


1 16 


1 20 


24 


27 


29 


33 


38 


42 


IVi 


11 


17 


i 21 


' 26 


29 


32 


36 


42 


47 


1V% 


12 


' 18 


1 23 


1 28 


31 


35 


3? 


46 


51 


2Vt 


u 


; 20 


I 25 


I 


34 


38 




51 


57 


1V% 


16 


22 


1 27 


' 32 


37 


42 


47 


56 


62 


v/% 


18 


1 24 


; 30 


|34 


39 


^5 


53 


60 


67 




20 


' 28 


• 34 


: 39 


44 


48 


59 


66 


75 




22 


1 


1 39 




49 


54 


62 


70 


73 


61/1 


24 


1 34 


• 42 


i 48 


54 


59 


68 


76 


63 



Oalg from Muelltr Broii Co. 



A.4 



ARMSTRONG "L" SERIES LARGE CAPACITY STEAM TRAPS 



Float and Thermostatic Type for continuous drainage requirements 
pressures from 0 to 250 psig . . . capacities to 52,000 ibsjhr 



Armstrong "L" Series Steam Traps are 
king sized float and thermostatic traps. 
They are designed especially to meet 
yer>' large capacity needs in services 
where continuous drainage is essential 
or desirable. 

The float and the lever mechanism 
are ail stainless steel with heat treated 
chrome steel valve and seat. Lever mo- 
tion is guided to assure proper valve 
seating and maximum life for the valve 
and seat. 

The integral thermostatic air vent in 
*^L" Series Traps* is a charged multi- 
convolution beryllium copper bellows 
caged in stainless steel. It is designed 
especially for heavy duty industrial appli- 
cations where highly efficient, ini inter- 
rupted service is essential. It is a bal- 
anced pressure type that responds to the 
pressure -temperature curve of steam at 
any pressure from zero to maximum 
operating pressure. Thus, air will be 
vented at slightly below steam temper- 
ature throughout the operating range. 



Table A-L LIST OF MATERIALS 



Name of Part 


Material 


Cap, Body and 
Cap Extension 


ASTM-A-278 Class 30 
Cast Iron 


Cap Bolting 


125.000 ib. tensile bolts 


Cap Gaskets 


Compressed asbestos 


Float Mechanism 


Starnless steel with heat 
treated chrome steel 
valve and seat 


Balanced Pressure 
Thermostatic 
Air Vent 


Stairs less steel and brass 
with beryllium copper 
bellows, entire unit 
caged in stainless steel 



DIMENSIONS 



k 



19,H 



2vr 




3H' 



pre PLuc 

Overall Width: }AV2" 
Weight: 200 tbs. 
All dimensions ars approximate. 
Use certified print for exact dimensions. 



**L** Serii's Traps are offered with 
either 2" or 2^ /* connections and are 
drilled and lapped to accept an integral 
vacuum breaker when required in low 
pressure modulating service. 



Fig. L-1. Armstrong 
"L" Series Trap. 



DRILLED AND TAPPED FOR OPTIONAL INTEGRAL 
VACUUM BREAKER {UNDER 150 PSM 



THERMOSTATIC AIR VENT 



AIR VENTED 
TO RETURN LINE 





GUIDED VALVE 
LEVER MECHANISM 



STAINLESS STEEL FLOAT 



DRAIN PLUG 
Fig, L-2. Cutaway view of "L" Series Steam Trap. 



Table B-L. MODELS AND CAPACITIES 

Capacilies are conUnuous discharge capacities in pounds of condensate per hour at 
pressure differential indicated with condensate within 5° of steam temperaiurc. 



Trap No. 


30- L8 


30L10 


t00L8 


100- LI 0 


150- L8 


150-L10 


250- LB 


250- L10 


Connection Size 


2" 


2-1/2" 




2-1/2" 


2" 


2-1/2" 


2" 


2-1/2" 


Orifice Size 


1-5/8" 


1-1/8" 


7/8" 


11/16" 




1/2 


16,500 


8,450 


7,300 


6,050 




1 


21,000 


11,400 


9,800 


8,100 




2 


26,000 


14,500 


12,500 


10,500 




5 


34,000 


20,500 


17,000 


14,000 




10 


40,500 


25,000 


20,000 


17.500 


a 


20 


46,500 


31,500 


24,000 


20,000 


is 


30 


48,000 


35.000 


27,500 


21,500 


c 


40 






38,500 


30,500 


23,000 




50 






40.500 


33,500 


24,000 


01 


60 






43,000 


36,000 


25,500 


Q 


70 






. 45,000 


38,000 


26,500 


S! 


80 






47.000 


40,000 


28,000 


3 

lA 


90 






48,000 


42,000 


29,000 


tn 
0) 


100 






50,000 


44,000 


31,500 


O. 


<25 










49,000 


34,000 




150 










52,000 


37,000 




175 














40,000 




200 














43,500 




250 














50,000 



Available with integral vacuum breaker for pressures to 150 psi. Suffix "VB" to Model No. 
Also available with irttegral flash release for syphon drainage service. Suffix "CC" to Mijdel No. 
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DESIGN AND CONSTRUCTION 



Here's how Armstrong Inverted Bucket Steam Traps 
deliver everything you should get in a trap 




Fig. 5-1. 200 Series bottom inlet, top 
outlet Armstrong Trap. 



1« No Steam Waste 

Discharge valve is water sealed. Steam does 
not reach it. 

2. Long Life and Dependable Service 

Valve and seat are chrome steel, heat treated, 
ground and lapped,. Free floating valve mecha* 
nism is "frictionless/* Wear pointis are heavily 
reinforced, 

3. Corrosion Resistance 

Ail working parts are made of stainless steel. 

4. Continuous Air Venting 

Vent in top of bucket provides continuous auto- 
matic air venting. The steam passing through 
the vent is less than that required to offset 
radiation loss from the trap. 

5. COa Venting at Steam Temperature 

Fixed vent passes 00^ immediately— there is 
no cooling lag that would permit CO2 to go into 
solution and form corrosive carbonic acid. 

6. Operating Against Back Pressure 

Since trap operation is governed solely by the 
difference in density of steam and water, back 
pressure in the return line has no effect on the 
ability of the trap to open for condensate and 
close against steam. 

7. Freedom from Dirt Trouble 

Condensate flow under the bottom edge of the 
bucket keeps sediment and sludge in suspen- 
sion until discharged with condensate. There is 
no build-up of dirt. There are no close clear- 
ances to be affected by scale. 




Fig. 5-2. 800 Series side inlet-side out- 
let Armstrong Trap. Equivalent sizes 
of 200 Series and 800 Series traps 
have identical mechanisms. 



FOR SPECIAL REQUIREMENTS 

Heating When Steam Is Turned On 

Wherever steam is turned on and off, air 
will accumulate in piping and steam 
equipment during the ofF period. A trap 
with a thermic bucket will discharge this 
air 50 to 100 times faster than a standard 
bucket, reducing heat-up time remark- 
ably. Thermic vent buckets are available 
for all Armstrong traps for use at pres- 
sures up to 125 psig. 

Where to Use: Single pipe coils; small 
on-and-of! unit heaters; on-and-off mul- 
tiple coils; drip points (particularly at 
ends of steam distribution mains); wher- 
ever air will pocket and be discharged 
ahead of incoming steam. 

Operation of the thermic bucket trap 
is described at the right. 





How the Thermic 
Vent Bucket Works 

Fig. 5-3. 

KEY: 
Steam HH 



'Condensate 




1 . Trap cool. Air cannot collect at the top 
of the bucket because the large vent is 
wide open. The bucket stays down and 
holds the trap valve wide open aUowing 
air to escape very rapidly until . . . 

With thermic vent closed, the trap operates as a standard 
trap as shown in operating drawings on pages 2 & 3. 



2. . . . steam reaches the bucket. The bi- 
metal strip is heated by the steam. This 
closes the thermic vent. Steam will then 
collect in top of bucket to impart buoy- 
ancy and close the trap valve. 
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INSTALLATION OF ARMSTRONG INVERTED BUCKET TRAPS 



Before Installing 

Run pipe to trap. Before installing the 
trap, clean the line by blowing down at 
full steam pressure. (Clean any strainer 
screens after this blow-down.) 

Trap Location ABC's 

Accessible for inspection and repair 
Below drip point whenever possible 
Close to drip point 

Trap Hooic-Ups. For low and medium 
pressure service, see Figs. 42-1 through 
42-8. Follow the Power Piping Code for 
Drips and Drains when installing high 
pressure traps. 

Shut-Off Valves ahead of traps are needed 
when traps drain steam mains, large wa- 
ter heaters, etc., where system cannot be 
shut down for trap maintenance. They 
are riot needed for small steam heated 
machines— a laundry press, for example. 
Shut-off valve in steam supply to ma- 
chine is sufficient. 

Shut-off valve in trap discharge line is 
needed when trap has a bypass. It is a 
good idea when there is high pressure in 
discharge header. See also Check Valves. 

By-passes (Figs. 42-6 and 42-7). Use 
only when continuous service is a must. 
Keep by-passes above traps as shown. 

Unions. If only one is used, it should 
be on discharge side of trap. With two 
unions, avoid horizontal or vertical in-line 
installations. The best practice is to in- 
stall at right angles as in Figs. 42-1 and 



42-6 or parallel as in Fig. 42-7. 

Standard Connections. Servicing is sim- 
plified by keeping lengths of inlet and 
outlet nipples identical for traps of a 
given size and type. A sp«u-e trap with 
identical fittings and half unions can be 
kept in the storeroom. In the event a trap 
needs repair it is a simple matter to break 
the two unions slip out the ailing trap, 
put in the spare and tighten the unions. 
Repairs can then be made in the shop 
and the repaired trap, with fittings and 
half imions, put back in stock. 

Test Valves (Fig. 42-1) provide best 
means of checking trap operation. Use a 
pet cock or a small globe valve. Provide 
a check valve or shut-off valve in the 
discharge line to isolate trap while testing. 

Strainers. Install strainers ahead of small 
traps when dirt conditions are bad or 
where specified. They are seldom needed 
with larger size of traps. 

Traps No. 880-883 have built-in strain- 
ers. When strainer blow down valve is 
used, shut off steam supply valve before 
opening strainer blow-down valve. Con- 
densate in trap body will flash back 
through strainer screen for thorough 
cleaning. Open steam valve slowly to be 
sure trap regains its seal. 

Dirt Pockets (Figs. 42-1 and 42-7) are 
excellent for stopping scale and core sand. 
Clean periodically. 

Syphon Installations require a water seal 



and a check valve in the trap. Syphon 
pipe should be one size smaller than 
nominal size of trap used but not less than 



/2" pipe size. 



Elevating Condensate. Do not oversize 
the vertical riser. In fact, one pipe size 
smaller thaii normal for the job will give 
excellent results. 

Check Valves' are frequently needed. 
They are a must if no disch«irge line shut- 
off valve is used. Fig. 42-9 shows three 
possible locations for external check valves 
-also an Armstrong Internal Check Valve 
(See page 4). Recommended locations 
given below. 

Discharge Line Check Valves prevent 
back flow and isolate trap when test valve 
is opened. Normally installed at location 
B. When return line is elevated and trap 
is exposed to freezing conditions, install 
check valve at location A, Fig. 42-9. 

Inlet Line Check Valves prevent loss of 
seal if pressure should drop suddenly or if 
trap is above drip point. Armstrong Stain- 
less Steel Check Valve in trap Ijody, loca- 
tion D, is recommended. If swing check 
is used, install at location C. 

Protection Against Freezing. In general, 
a properly selected and installed Arm- 
strong Trap will not freeze as long as 
steam is coming to the trap. If the steam 
supply should be shut off, the trap should 
be drained manually or automatically by 
means of a thermo drain or pop drain. 



OUT foam" 




• SHUrOfF VAtVt 



VAIVI J 



UNION 



.SHUT-OfF 
VALVI 



Fig. 42-1. Standard hookup No. 800-814. 
880-883 traps, with shut-off valves to iso- 
late trap during testing, inspection or re- 
pair. Unions should be at right angles— not 
in. line— to facilitate trap removal. 



Fig. 42-2. Hookup No. 
211-216 traps. 





Fig. 42-3. No. 880-883 with strainer blow- 
down valve. 

er|c 




VAIVE 



Fig. 42-4. Hookup No. 801 trap (shows how 
shut-off valve ahead of unit can serve as 
shut-off for a trap). 



Fig. 42-5, Alternate 
hookup for No. 800- 
814 with inlet at bot- 
tom. 





Fig. 42-6. Bypass hookups for No. 800-814 
and 880-883 traps. 



VALVE 




I Fig. 42-7. Bypass hookup 
for No. 211-216 traps. 




WAHK SIAl 



Fig. 42-8. Trap draining syphon. 




Fig. 42-9. Possible check valve locations. 
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ARMSTRONG THERMOSTATIC AIR VENTS 



/or venting air from steam in chamber type /teat exchangers 
pressures to 125 psig 



Armstrong offers the Model TV-2 Bal- 
anced Pressure Thermostatic Air Vent 
for positive venting of air from chamber 
type heat transfer equipment with no 
loss of steam. Typical applications 
include jacketed kettles, retorts, vnl- 
canizers, jacketed sterilizers or other 
contained equipment where air could 
accumulate at the top of the steam 
chamber .and reduce heat transfer 
capacity. 

Tlie Model TV-2 is a balanced pres- 
sure thermostatic air vent that responds 
to the pressure-temperature curve of 
steam at any pressure from light vacuum 
to maximum operating pressure. Air is 
automatically vented at slightly below 
steam temperature throughout the entire 
operating pressure range. 

The thermostatic element is a charged, 
multi-convolution beryllium copper bel- 
lows caged in stainless steel. Valve and 
scat are also stainless steel designed to 
meet the most rigid cycling specifications 
known for this type of service. 



Table A-13. PHYSICAL DATA, 
MODEL TV-2 AIR VENTS 



Vent No. 


TV-2 


Pipe Connectfons 
Diameter 
Height 
Weight 

Maximum Working Pressure 


llb.9oz. 
125 psig 



HOW TO USE THE MODEL TV-2 THERMOSTATIC AIR VENT 



ARMSTRONG MOOCL TV>2 
THCRMOSTATH: AtR VtNTS 




9^ N 



STEAM TRAP 



Fig. 13-1. On a retort 



ARMSrRONC MOOCL fv 2 
rHCRMOSTAIIC AIR VCNTS 



STEAU 

A 




CQUPAHTUiNr 

or 

VULCANIZER 




^StefcM TPIAP5 ^ 

Fig. 13-3. On a vulcanizer 

Armstrong Model TV-2 Thermostatic Air 
Vents should be installed at the highest 
points of steam chambers with inlet con- 
nections to the vents higher than the 
highest points of the chambers. Thus in- 



APUSmONG MOOCL 1V.2 
THCfmOSTATiC AIR WERT 




^ COMPT 

STRAINER \ 

STEAU TRAP 

Fig. 13-2. On a sterilizer 



STEAM TRAP 



rMCRMOSrATIC AIR VCNr 




Fig. 13-4. On jacketed kettles 

stalled there is minimum hazard of any 
liquid carryover and air can be vented to 
atmosphere with no drain line necessary. 
The drawings above show typical installa- 
tions on steam chambers. 





DESIGN FEATURES 

Stainless steel hemispherical valve and 
seat. 

Thermostatic element comprises a multt- 
convolution beryllium copper bellows 
caged in stainless steel. 

Thermostatic element is charged with 
water to provide positive opening of the 
valve at slightly below steam temperature 
and positive closing in the presence of 
steam throughout the operating pressure 
range. 

ASTM-B-62 cast bronze body. 



Fig. 13-5. The Armstrong 
Thermostatic Air Vent 



Model TV-2 
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CHAPTER 8 



THERMODYNAMIC TRAPS 



This third class of steam traps utilizes the heat energy in hot condensate and steam to control 
the opening and closing of the trap. 

OR! F ICE (LABYRINTH) TYPE - This was one of the 
earliest thermodynamic traps. In one form it com- 
bines an adjustable orifice (A) with labyrinth passages{B) 
to control the flow of condensate. Due to pressure drop 
through the LABYRINTH PASSAGES and the adjusta- 
ble orifice, some condensate turns to flash steam as con- 
densate approaches steam temperature. This provides a 
measure of automatic flow control, for the nearer the 
condensate approaches steam temperature the greater 
will be the flashing and therefore the greater the choking 
effect of the flash steam. 




As with the orifice plate described In CHAPTER No. 3, page 6, if the condensate load does not 
fluctuate to any great degree this trap is quite satisfactory, but if load, pressure, or temperature 
vary considerably it is likely to either back*up condensate or blow live steam. 

PISTON VALVE TYPE IMPULSE® TRAP - A later and more modern thermodynamic trap 
is the Impulse Trap. 

Without going into the technical details of the engineering theory involved, the opera- 
tion of this trap is described very simply in the following paragraphs. 

This trap in its best known form consists essentially of a 
piston type valve (P) operating within a CONTROL CYL- 
INDER (C). 

The lower end of the valve has a tapered seating surface 
which opens and closes the ORIFICE (0). 

When steam is turned on in the system ahead of the trap, 
pressure is exerted on the under side of the PISTON 
DISCJD), on the Valve (P), pushing it upward to open 
the ORIFICE (0), so the condensate and air can flow out 
at full capacity. 




VALVE OPEN 




:'e: closed 



The valve opens wide on start-up for full discharge of con- 
densate and to quickly get rid of any air that may have 
accumulated in the system. 

Valve stays wide open until condensate nears steam tem- 
perature. 

Opening and closing of this trap is regulated by the slight 
condensate flow termed the CONTROL FLOW, which goes 
up past the PISTON DISC (D) to the intermediate pressure 
area in the CONTROL CHAMBER (E). It then flows out 
the CONTROL ORIFICE (F) in the hollow stem of the 
valve to the lower pressure in the discharge port of the trap. 




> . Published with permission 
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When condensate nears steam temperature, these pressure drops cause it to flash in the CONTROL 
CHAMBER (E) and in the CONTROL ORIFICE (F). This chokes the flow through the control ori- 
fice which increases the pressure in th"* CONTROL CHAMBER (E) snapping the valve shut to prevent 
the loss of live steam. 



As long as the condensate remains hot enough to continue the flashing the valve remains closed. 
When it cools slightly the flashing decreases. This reduces pressure in the CONTROL CHAMBER 
allowing the valve to reopen and the cycle is repeated. 

The CONTROL FLOW continuously samples the condensate flow coming to the trap and causes 
the valve to open or close quickly at the proper time - to open wide on condensate, but close when 
steam reaches the trap. 

Therefore the quick response provided by the control flow in this trap aids in bringing steam equip- 
ment up to temperature quickly and in maintaining high even temperatures of the apparatus. This 
promotes high efficiency of the overall operation. 

The CONTROL FLOW consists of only a slight percentage of the full flow through the main ori- 
fice. This means that only an amount of condensate equal to this small percentage is required to 
completely fill the control orifice at all times. When the main valve is closed and as long as this 
slight amount of condensate flow is maintained there can be no measurable flow of steam through 
the control orifice. 



INTEGRAL STRAINER TYPE IMPULSE TRAP - 
For high pressure service in Power Plant and Marine 
service this trap is made with a built-in or integral 
strainer, as shown in the'illustration. This pro- 
vides a very compact and sturdy construction for 
such types of applications. 




LEVER VALVE TYPE HIGH CAPACITY IMPULSE®TRAP - A newer version of the Impulse 

Trap is the High Capacity Impulse Trap. Designed for 
extra heavy condensate loads, it operates on the same 
basic principle as the original type but with a lever 
action rather than a piston action. 



This trap consists of a valve disc (A) to which is attached 
an inlet valve (B). At point (C) the valve disc acts as an 
outlet valve, opening and closing the outlet orifice (D) as 
the valve disc tilts up and down around the fulcrum point 
(E). A control orifice (F) is provided fn the valve disc 
over the center of the discharge or outlet orifice (D). 




CLOSED POS!T!ON 



When valve disc is at rest there is a control flow between the inlet valve (B) and its seat. This con* 
trol flow then goes on out the control orifice (F). 



erJc 
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Incoming condensate and air push the disc upward 
with a tilting action and full flow goes out the dis- 
charge orifice (D). 

Operation is simitar to that of the original Impulse 
Trap except the control flow combines with the 
main flow when the valve opens instead of follow- 
ing a separate flow path as in the earlier design. 
Flashing of the hot condensate controls the closing 
of the valve disc just as in the original Impulse type 
and action is governed by the same basic principle 
of control flow. 
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DISC TYPE TRAP — One of the most recently developed types of thermodynamic traps is 
known as the DISC type. 

o It consists of a round flat DISC (D) positioned over a center INLET 

ORIFICE (O) and an ANNULAR DISCHARGE (A) leading off through 
a DISCHARGE PORT (C). All are enclosed within a BONNET (B) 
mounted on the body of the trap. 

When operation starts, pressure in the INLET ORIFICE (O) pushes the 
DISC (0) up vertically off the two concentric seating surfaces surround- 
ing the inlet and outlet ports. This allows discharge to flow out through 
the DISCHARGE PORT (C). ' 




TRAPC=tN 



Now when very hot Condensate and Steam come to the trap the high velocity flow outward past 
the rim of the DISC (D) up Into the CHAMBER (E) tends to reduce the pressure on the under 
side of the DISC causing some of the Condensate to turn to Flash Steam. At the same time the 
flashing condensate flowing outward at high velocity strikes the side wall of the CHAMBER (E) 
causing a build up of pressure in the CHAMBER snapping the DISC (D) shut. 

The DISC remains in the closed position until the pressure in the (Pressure HIGH ) 
BONNET falls due to the condensing of the steam in the bonnet 

When pressure in the bonnet falls sufficiently the DISC rises, 
condensate flows out and the cycle Is repeated. 

This type of trap is essentially a TIME CYCLE device. In other 
words, under normal operating conditions each time the DISC 
closes on Steam at a given pressure and temperature it wilt stay 
closed for approximately the same length of time. This means TRAP CLOSED 

that if CONDENSATE comes to the trap in the middle of a cycle, it will have to wait till pressure 
in the bonnet falls sufficiently to permit the DISC to open. 




LEVER DISC TYPE IMPULSE®TRAP - This newest version of the Impulse Trap operates 

in somewhat the same manner as the Disc Trap described 
above, except that the valve disc is arranged so that it 
opens and closes the valve with a tilting action rather 
than moving straight up and down ais in the above type. 

The Lever Disc Impulse Trap is designed primarily for the 
lighter condensate loads. 
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When condensate enters this trap it pushes the disc upward with a listing action because the inlet 
orifice (O) is off center. (To the left of center in the illustration.) Discharge then goes out through 
the discharge ports (D) in the seat plate. When steam and steam temperature condensate come to 
the trap the bonnet fills with steam and the increased pressure closes the disc in a somewhat simi- 
lar manner to that described for the disc trap above. 

The tilting or lever action of the valve In the lever disc trap insures a minimum of wear on the parts 
and also aids in reducing to a minimum the noise from the trap discharge. 

As In the case of the DISC TYPE TRAP, this trap also operates on a time cycle. In other words, 
the time between opening and closing will be relatively constant 
for a given set of load and pressure conditions. 



When the lever disc trap is closed by live steam and flash steam 
entering the bonnet, it stays closed until the steam in the bonnet 
condenses and also bleeds off slowly between the ground sur- 
face of the seat and the disc. 




cuoseo PosnroN 



This "bleeding off" actually comprises a very slight control flow similar to that in the other styles 
of impulse®Traps, but is so small it Is barely perceptible at the trap discharge. Without this slight 
control flow this type of trap would stay closed for such a long time when steam filled the bonnet, 
that it would not provide satisfactory operation. 

Both the Disc and Lever Disc types of Traps just described are effective from the upper limits of 
their recommended capacity ratings down to even the very lightest condensate loads. 

Several other varieties of disc type traps have recently been made available, but all operate on the 
same general principles just described for the Disc and Lever Disc types of traps. 




COMBINATION TRAP, STRAINER; AND 
STRAINER SLOWDOWN VALVE - A 
recent development combining the Lever 
Disc type Impulse Trap with a strainer and 
strainer blowdown valve is shown in the 
adjoining illustration. 

It includes all three devices in one compact 
assembly and, as can readily be seen, affords 
a Considerable saving in labor of installatibn, 
space, and weight. 

The blowdown valve, operated by a standard 
Allen wrench, affords a quick and easy method 
of cleaning the strainer screen. 



Like the Lever Disc type described above, this combination trap is designed primarily for the lighter 
condensate loads. 
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THERMOSTATIC EXPANSION 
VALVES* 

Theory of Operation - ApplkaHon - Selection 



HOW THE THERMOSTATIC 
EXPANSION VALVE WORKS 



Basicalty, Thermostatic Expansion Valve Operation is 

determined by three fundamental pressures. 

Pi Bulb pressure acts on one side of the diaphragm, 
tends to open the valve. 

PzEvaporator pressure acts on the opposite side, tends 
to close the valve. 

Ps Spring pressure is applied to the pin carrier and is 
transmitted through the push rods to the evaporator 
side of the diaphragm, which also assist in the 
closing action. 

When the valve is modulating, bulb pressure is balanced 
by the evaporator pressure and spring pressure. Pi equals 

?z plus Pa. 
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BULB TEMPERATURE 



Figure 1 



When the same refrigerant is L^sed in both the .fht>rmo- 
static element and refrigeration system, each will exert 
the same pressure if their temperatures are identical. 
After evaporation of the liquid refrigerant in the evapo- 
rator the suction gas is superheated - its temperature will 
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increase. However, the evaporator pressure, neglecting 
pressure drop, is unchanged. This warmer vapor flowing 
through the suction line increases the bulb temperature. 

Since the bulb contains both vapor and liquid refrigerant 
(not superheated vapor alone as in the suction line) 
its temperature ond pressure increases. This higher bulb 
pressure acting on the top (bulb side) of the diaphragm 
is greater than the opposing evaporator pressure and 
spring pressure which causes the valve pin to be moved 
away from the seat. The valve is opened until the spring 
pressure - combined with the evaporator pressure - is 
sufficient to balance the bulb pressure. Figure-l illus- 
trates a system with the same refrigerant in both the 
bulb and evaporator. The two curves Opening Force 
(bulb pressure) and Evaporator Pressure curve coincide. 
When Spring Pressure is added to the latter the total 
Closing Force is shown by the dash curve. 

If the valve does not feed enough refrigerant, the 
evaporator pressure drops or the bulb temperature is 
increased by the warmer vapor leaving the evaporator 
(or both) and the valve opens, admitting more refriger- 
ant until the three pressures are again in balance. Con- 
versely, if the valve feeds too much refrigerant, the 
bulb temperature is decreased, or the evaporator pres- 
sure increases (or both) and the spring pressure tends 
to close the valve until the three pressures are in balance. 

With an increase in evaporator load, the liquid re- 
frigerant evaporates at a faster rate and increases the 
evaporator pressure. The higher evaporator pressure 
results in a higher evaporator temperature and a corre- 
spondingly higher bulb temperature. The additional 
evaporator pressure (temperature) acts on the bottom 
of the diaphragm while the additional bulb pressure 
(temperature) acts on the top. Thus the two pressure 
increases on the diaphragm tend to cancel out each other 
and the valve easily adjusts to the new load condition 
with a negligible change in superheat. 

The thennostatfc expantion vahn will maintain a futty active evaporator 
under allioad coflditiom. 

rued restrictiotis and other expansion devices cin offer ordy a com* 
promise in system performance when operating conditions change. 



SPORLAN SELECTIVE CHARGES 



For the most efficient system performance, Sporlan 
introduced Stbeffv* Chorg«t for thermostatic expansion 
valves, over a quarter of a century ago. Their present 
universal acceptance throughout the refrigeration in- 
dustry is evidence of the many operational advantages 
not possible with conventional charges. 



An explanation of the characteristics, design features 
and advantages of each selective charge follows: 

copvRrcHT 1 970 Bv spoRL>kN.: VALVE Company. ST. LOUIS, Mo. produced by peirmlsslpn. 

A-6-(a) ' of Sporlan Valve .Co. 
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CONVENTIONAL UQUID CHARGE 
Sporlan Type L Charge 



REFRIGERANT 
PRESSURE TEMPERATURE 
CHARACTERISTIC 




TEMPERATURE 



Figure 2 
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Design Choracteristics: 

1 Employs same refrigerant in thermostatic element 
as used within system. 

2 Bulb volume and amount of charge it contains is 
such that sjiffident Hquid will remain in the bulb 
under airtefhperature^c^^^ 

case and capillary tubing. 

Advantages: 

Bulb will always control refrigerant flow despite 
a colder valve or diaphragm case. 

Disadvontages: 

1 When the compressor is started, the suction and 
evaporator pressures drop. But since the valve bulb 
is not immediately cooled, the comparatively high 
bulb pressure opens the valve too much resulting in : 

a Low superheat and possible floodback to the 
compressor. 

b Delayed suction pressure pulldown and possi- 
ble overloading of the compressor motor. 

2 With the same valve adjustment, the superheat in- 
creases at lower evaporator temperatures where 
high superheats are more detrimental to system 
capacity. 

3 During off^cych. If bulb is in a comparatively 
warm location, the bulb pressure may be great 
enough to open the valve, filling the evaporator 
with liquid. Another possible cause of floodback at 
start-up. 

4 Conventional liquid charged valves have no inher- 
ent anti-hunt features. 

Application: Because of the definite operating advan* 
tages obtained with the use of Sporlan Selective Charges, 
the use. of the Type L charge is generally confined to 
^"^e capacity ammonia systems and a few unusual 
- ilications« 



TYPE P AIR CONDITI ONING C HARGE 

with the Sporlan JUjffjj^SSsfSJT Element 
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Figure 3 



Design Characteristics: 

1 Pressure limit or maximum operating pressure 
(MOP) feature. The Sporlan P charge is a patented 
modification of the conventional limited liquid 

. charge (gas charge). The constituents of this charge 

are such that at a predetermined vdve bulb tem- 
perature a maximum bulb pressure is reached. Any 
increase in bulb temperature above this point also 
results in virtually no increase in bulb pressure, 
causing the valve to throttle. 

2 Sporlan Type P air conditioning charge make use 
of the patented Flow-Master element v/hich is effec- 
tive in stabilizing valve control and in materially 
reducing system hunf. See Page 3. 

Advantages of the S porlan_Ty pe P Air Conditioning 
Charge with nO¥^M ASr^fli Element: 

1 Valve closes tightly during ofhtytle. During the 
normal warm up of the evaporator, the point of 
maximum bulb pressure is reached. Above this point 
an increase in bulb temperature results in virtually 
no increase in bulb pressure (opening force). The 
evaporator pressure (closing force), however, con- 
tinues to rise and, assisted by the spring pressure, 
closes the valve tightly. 

• 2 Valve remains closed during pulldown. While the 
evaporator temperature is relatively high^ the valve 
remains closed until the evaporator temperature is 
reduced below the maximum operating pressure of 
the charge. This permits rapid pulldown, avoiding 
floodback. and overloading of the compressor motor. 
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THERMOSTATIC EXPANSION 
VAtVES 

INSTALLATION 

FIELD SERVICE 

and ASSEMBLY 



INSTALLATION 



For peak performance, it is important to select a Sporlan 
thermostatic expansion valve with the correct capacity, 
sele^'Jve charge, external or internal equalizer, etc. 
Equally import^t^ the proper, installation, which can 
deterntihe the success or failure of the entire system. 



A. VALVE LOCATION 



Thermostatic expansion valv2s may be mo.anted in any 
position, but should be installed as close co the evapor- 
ator inlet as possible. If a refrigerant distributor is used, 
mount the distributor directly to the/vaive-outlet for 
best performance. See Bulletin 20-10 for application 
information on refrigerant distributors.^. . - 

If a hand valve is located on the outlet side of the 
thermostatic expansion valve it should have a full sized 
port. No restrictions should appear between th^ thermo- 
static expansion valve and evaporator, except a re- 
frigerant distributor if one is used. 

Sporlan Thermostatic Expansion Valves having Selec- 
tive Charges C, Z, L, or X may be installed and operated 
in warm or cool locations. The amount of thermostatic 
charge and. the bulb size are such that the bulb always 
retains control despite a colder valve body or diaphragm 
case. 

To minimize the possibility of cha rge - migra tion the 
Sporlan Flow>Master P or G air conditioning charges 
or ZP refrigeration charges should be installed so that 
the diaphragm case is warmer than the bulb. ;; 

PRECAUTIONS — WHEN VALVE IS/INSTALLED AT 
CONSIDERABLE HEIGHT ABOVE, UQUID RECEIVER 

When the evaporator and thermostatic expansion valve 
are located above the receiver, there is a static pressure 
loss in the liquid line; This is diie to the weight of the 
column of liquid refrigerant, and this .weight may„ be- 
interpreted in terms of pressure loss ;in ,if^ 
square Inch as shown in Table.2, Page 1^, Bulierin 10-10. 
If the vertical lift is great enough, va por^ or ifknli ga$ 
will forni in the liquid line causing a serioiis treduction 
: the capacity of the thermostatic expansion valve. 
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When an appreciable vertical lift is unavoidable, pre- 
cautions should be taken to prevent the accompanying 
pressure loss from producing liquid line vapor. This 
can be accomplished by providing enough subcooling 
of the liquid refrigerant, either in the condenser or after 
the liquid leaves the receiver. Subcooling is determined 
by subtracting the actual liquid temperature from the 
condensing tempreature (corresponding to the con- 
densing pressure). The required amount of subcooling 
necessary to prevent vapor formation in the liquid line 
is shown in Table-6, Page 16, Bulletin 10-10. 



Liquid subcooling is provided by the following methods: 

1 In the condenser 

2 Suction — liquid heat exchanger 

3 Special devices 

Method- 1 will provide sufficient subcooling for the 
simple short-coupled system that has only moderate 
liquid line pressure drop. 

Method~2 will usually not provide more than 20^F. 
subcooling on air conditioning systems operating at nor- 
mal head pressures. The amount of subcooling will de- 
pend on the design and size of the heat exchanger and 
on the operating suction and discharge pressures. 

Method-3 may be used to provide considerable subcool- 
ing required for systems with excessive vertical lift. 
The following special devices are the most commonly 
used methods. 

a Water coils in heat exchange relationship with the 
liquid line. 

b Separate refrigeration system. 

c Special heat exchanger which uses a portion of the 
refrigerant to cool the main body of liquid. See 
Figure-1. 
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Ordinarily the conventional suction — liquid heat ex- 
changer is installed near the evaporator where the suc- 
tion vapor IS the coolest. When the primary purpose of 
the heat exchanger is to prevent the formation of flash 
gas, it should be installed near the receiver b^fof flm 
vrfical liff occurs. This also applies to the special de- 
vices described in Method- 3. Subcooling devices in- 
stalled near the evaporator will, of course, re-condense 
much of the vapor, but vapor in the liquid line con- 
siderably increases friction losses — possibly making the 
total pressure drop prohibitive. The suction line and 
liquid line (if subcooled below ambient temperature) 
should be carefully insulated to minimize heat gain. 

IMPORTANT — Preventing the formation of vapor in 
liquid lines having high pressure losses does not elimi- 
nate the requirement that an adequate pressure drop 
must be available across the thermostatic expansion 
valve. The capacity tables show valve capacities at pres- 
sure drops lower than normal. For thermostatic expan- 
sion valve application data and capacities at pressure 
drops below those listed, consult Sporlan Volve Com- 
pany. 



B. SOLDER TECHNIQUE. 

It is not necessary to disassemble sweat type valves such 
as Types S and P when soldering to the connecting lines. 
Any of the commonly used types of solder such as 50-50, 
95-5, Sil-Fos, Easy- Flow, Phos>Copper or equivalents 
are satisfactory. It is 
important, however, 
regardless of the 
solder used, to di- 
rect the flame away 
from the valve body 
and avoid excessive 
heat on the dia- 
phragm, Figure- 2. 
As an extra precau- 
tion, a damp cloth 
may be wrapped 
around the dia- 
phragm during the 
soldering operation. 



C. BULB LOCATION and INSTALLATION 



The location of the bulb is extremely important, and in 
some cases determines the success or fail [ure of the re- 
frigerating plant. For satisfactory expansion valve con- 
trol, goocf fhermal confacf between the bulb and suc- 
tion line is essential. The bulb should be securely fasten- 
ed with two bulb straps to a clean, straight section of 
the suction line. 

Application of the bulb to a horizontal run of suction 
line^ is preferred. If a vertical installation cannot be 
avoided, the bulb should be mounted so that the capil- 
lary tubing comes out at the top. 

On suction lines OD and larger, the surface tem- 
perature may vaxy slightly around the circumference of 
the line. On these lines, it is generally recommended that 
the bulb be installed at a point micl-way on the side of 
the horizontal line, and parallel with respect to the 

JC 




direction of flow. On smaller lines the bulb may be 
mounted at any point around the circumference, how- 
ever, locating the bulb on the bottom of the line, is not 
recommended as an oil-refrigerant mixture is generally 
present at that point. Certain conditions peculiar to a 
particular system may require a different bulb location 
than that normally recommended. In these cases the 
proper bulb 'location may be determined by trial. 

Accepted principles of good suction line piping should 
be followed to provide a bulb location that will give 
the best possible valve control. Never locate the bulb in 
a trap or pocket in the suction line. Liquid refrigerant 
or mixture of liquid refrigerant and oil boiling out of 
the trap will falsely influence the temperature of the 
bulb and result in poor valve control. 

Recommended suction line piping includes a horizontal 
line leaving the evaporator to which the thermostatic 
expansion valve bulb is attached. This line is pitched 
slightly downward, and when a vertical riser follows, 
a short trap is placed immediately ahead of the vertical 
line, see Figure-3. The trap will collect any liquid 
refrigerant or oil passing through the suction line and 
prevent it from influencing the bulb temperature. 



COMPRESSOR ABOVE EVAPORATOR 



figure 3 




On multiple evoporator instoHatlons the piping should 
be arranged so that the flow from any valve cannot 
affect the iHilb of another. Approved piping practices 
including the proper use of traps insures individual con- 
trol for each valve without the influence of refrigerant 
and oil flow from other evaporators. 



MULTIPLE EVAPORATORS 




figure 4 
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For recommended suction line piping when the evapo- 
rator is located above the compressor see Figure- 5. The 
vertical riser extending to the height of the evaporator 
prevents refrigerant from draining by gravity into the 
compressor during the off-cycle. When a pump-down 
control is used, the suction line may turn immediately 
down without a trap. 



COMPRESSOR JELQW EVAPORATOR 
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Figure 5 
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On Commercial and Low Temperature Applications re- 
quiring Sporlan Selective Charges C, Z, or X the bulb 
should be clamped on the suction line at a point where 
the bulb temperature will be the same as the evaporator 
temperature during the off-cycle. This will insure tight 
closing of the valve when the^ compressor stops^ If bulb 
insulation is used on lines operating below 32° F., use 
non- water absorbing insulation to prevent water from 
freezing around the bulb. 

On brine tanks and water coolers the bulb should be 
below the liquid surface where it will be at the same 
temperature as the evaporator during the off-cycle. 
When locating the bulb in a brine tank, paint it and 
the capillary tubing with pitch or other corrosion 
resistant paint. 

If, for practical reasons, the bulb must be located where 
its temperature will be higher than the evaporator dur- 
ing the off-cycle, a solenoid valve must be used ahead 
of the thermostatic expansion valve. 

On Air Conditioning Applications having thermostatic 
expansion valves equipped with Flow- Master Types P 
or G charged elements, the bulb may be located inside 
or outside the cooled space or duct. The valve body 
should not be located in the air stream leaving the 
evaporator. Avoid locating the bulb in the return air 
stream unless it is well insulated. 



D. EXTERNAL EQUALIZER CONNECTION 



For a complete explanation of when an externally equal* 
ized valve should be used refer to Pages 7 to 9, Bulletin 
10-10. Valves supplied with an external equalizer will 
jf op«rofe unless this connection is made. 



The equalizer connection should be made at a point 
that will most clearly reflect the pressure existing in 
the suction line at the point of bulb location. Although, 
in most cases the equalizer is connected within several 
inches of the bulb, occasionally it is located at a more 
remote point. The pressure difference between the 
equalizer connection and the bulb location should not 
exceed those shown in Table- 1, Page 9, Bulletin 10-10. 

Generally the external equalizer connection is in the 
suction line immediately down-stream of the bulb, 
Figure-6. However equipment manufacturers sometimes 
select other locations that are compatible with their 
specific design requirements. 



EXTERNAL EQUALIZER CONNECTION 
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It must be (onnetfed ^ Never Capped! 

MUST Bi FRII or CRIMPS • • • SOLDER • • • ITC. 

Jigure 6 



E DRIERS, STRAINERS, and ACCESSORIES 



Most Sporlan thermostatic expansion valves are equipped 
with built-in inlet screens of varying mesh sizes depend- 
ing on the valve size and type. These strainers are effec- 
tive only in removing particles of scale, solder, etc. 
which could obstruct the closure, of the pin and seat. 

Moisture and smaller particles of foreign material are 
equally harmful to the system and must be removed 
for peak system performance. Field experience has 
proven, without a doubt, that most expansion valve 
failures are due to the presence of dirt, sludge, and 
moisture in the system. Furthermore, the performance 
and life of other system components are also seriously 
affected by these foreign materials. The Sporlan Catch- 
All Filter-Drier removes dirt, moisture, acids, and 
sludges, and insures the circulation of clean, dry 
refrigerant through thft^ystfim at all times. 

For all refrigeration^ and air conditioning applications 
we recommend that a Sporlan Catch-Ajl Filter-Drier 
be installed in the liquid line ahead of the thermostatic 
expansion vajve. Sze Bulletin 40-10 for complete Catch- 
All specifications. 

Further system protection is easily and inexpensively 
provided with the installation of a Sporlan See* All. 
The See*All is a combination liquid and moisture indi- 
cator that visually indicates if there is a shortage of 
refrigerant in the liquid line or if the moisture content 
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of the refrigerant is at a dangerous level. See Bulletin 
70-10 for complete See»All specifications. 




F. TEST PRESSURES and 
DEHYDRATION TEMPERATURES 

For better leak detection an inert dry gas such as nitro- 
gen or CO2 may be added to an idle system tr .-^upple- 
ment the refrigerant pressure. 

CAUTION: Inert gases must be added to the system 
carefully through a pressure regulator. Unregulated 
gas pressure can senously damage the system and en- 
danger human life. Never use oxygen or explosive 
gases. 

Excessive low side pressures can shorten the life of the 
thermostatic expansion valve diaphragm. Table-7 lists 
the maximum low side test pressure that can safely be 
applied with the expansion valve connected to the 
evaporator These maximum pressures are well above the 
minimum field leak test pressures for low sides, listed 
by the American Standards Association B9 Safety Code. 

TABLE 7 

HUtXIMUM LOW SIDE TEST PRESSURES 



VALVE TYPE 




Nl, F, G, C, S 


450 


P, H, 0 & U 


425 


M, V, & W 


400 



Table-7 refers to the maximum low side test pressures 
which are in contact with the underside of the valve 
diaphragm. Since only the valve inlet fitting and pass- 
ages (not the valve diaphragm) are subjected to high 
side pressures, the valve will withstand any reasonable 
HIGH SIDE TEST PRESSURES in excess of the values 
listed in the ASA B9 Safety Code. The external equalizer 
line shciild be disconnected if there is any possibility of- 
exceeding the recommended maximum pressures. 

If elevated temperatures are used to assist in dehydrating , 
the system, the thermostatic expansion valve should not' 
be exposed to temperatures exceeding those shown in 
O lies. 



TABLE 8 



MAXIMUM DEHYDRATION TEMPEIcAT;;^:: 
DEGREES r 





IHERMOSTATIC CHAR6E 


REFRI6- 
ERMT 


6 and 


L 


c 


Z 


X 


P Air 
ConditioninE 
Charge 




12 




195 


190 


250 








22 




«* 


160 


185 


210 


250 


250 


500 


250 


*« 


185 


235 


502 


t 


150 


170 








717 
(Km- 
ihonia) 




ISO 


190 


235 


t 


t 


t 



^Temperatures are for No. 53, 33, 83, 63, 23 & 12 elements. 
**Not Availoble in No. 33 or 63 elements. 
tNot Available. 



Table-S refers to the maximum dehydration temper- 
atures when the bulb and valve body are subjected to 
the same temperature. On L, C, X, and X charges, 
250*^ F. maximum valve body temperature is permissible 
/F THE BULB TEMPERATURE does not exceed those shown 
in the table. 



G. EXPANSION VALVE ADJUSTMENT 



Each Sporlan Thermostatic Expansion Valve is adjusted 
at the factory before shipment. This factory setting will 
be correct and no further adjustment is required for 
the majority of applications. When the application 
or operating conditions require a different valve setting, 
the valve may be adjusted to obtain the required 
superheat. 

Some expansion valves are made nofi-oiZ/uffabb for use 
on Original Equipment Manufacturers' units. These 
valves are set at a superheat predetermined by the manu> 
facturers' laboratory tests and cannot be adjusted in the 
field. 

Most non'odjusfMrn models are modifications of stand* 
ard adjustable type valves. This is done by using a solid 
bottom cap instead of one equipped with an adjusting 
stem and seal cap. These valves can be identified by an 
H preceeding the standard valve designation. Adjust- 
able bottom cap assemblies are available for converting 
non-adjustable valves to the adjustable type. However, 
this is rarely required, ff symptoms indicate that a valve 
adjustment is needed, carefully check the other possible 
cruses of incorrect superheat, Pages 6 to 10, before at- 
tempting an adjustment. 

HOW TO DETERMINE SUPERHEAT CORRECTLY 

1 Measure the temperature of the suction line a^ the 
point the bulb is clamped. ^ 

2 Obtain the suction pressure that exists in the suction 
line at the bulb location by either of the following 
methods: 
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<| If the valve is externally equalized, a gauge in 
the external equalizer line will indicate the de- 
sit i pressure directly and accurately. 

OR 

b Read the gaui^e pressure at the suction valve of 
the compres. . To the pressure add the esti- 
mated pressure drop through the suction line 
between bulb location and compressor suction 
valve. The sum of the gauge reading and the 
estimated pressure drop will equal the approxi- 
mate suction line pressure at the bulb. 

3 Convert the pressure obtained in 2a or 2b above to 
satui'ared evaporator temperature by using a tem- 
perature-pressure chart. 

4 Subtract the two temperatures obtained in 1 and 
3 - the difference is superheat. 

Figure-8 illustrates a typical example of superheat 
measurement on an air conditioning system using Re- 
frigerant- 12. The temperature of the suction line at the 
bulb location is read at 51^ F. The suction pressure at 
the compressor is 35 psig and the estimated pressure 
drop is 2 psi. ... 35 psig -f- 2 psig — 37 psig which 
is equivalent to a 40^ F. saturation temperature. 40° F. 
subtracted from 51° F. ™ 11° F. superheat. 



EXAMPLE 

REFRIOERANT 

7EMMRATURE 
»HIIIE 

tIADS 



A TO IHE-SUCIION PRESSURE 

of (omj)fesM)r 3 S psig 

I ADO {STIMAriD SUCTION UME loss 2 csi 

( TO OBTAIN SUCTION PRES<^UR{ '< 37 psig 

ot bulb '"T^S 





II 

SUPERHEAT 



Figure 8 
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NOTE - Subtracting the difference between the temper- 
ature at the inlet and outlet of the evaporator is not 
an accurate measure of superheat. This method is 
not recommended since any evaporator pressure drop 
will result in an erroneous superheat indication. 

HOW TO CHANGE THE SUPERHEAT SEHING 

To reduce thi superheat, turn the adjusting stem 
COUNTER-CLOCKWISE. To increase the superheat, turn 
the adjusting stem CLOCKWISE. When adjusting the 
valve, make no more than one turn of the stem at a 
time and observe the change in superheat closely to 
prevent ovr-shoofing the desired setting. As much as 
minutes may be required for the new balance to take 
ace after an adjustment is n<ade. 



If in doubt about the correct superheat setting for a 
particular system, consult the equipment manufacturer. 
As a general rule, the proper superheat setting will de- 
pend on the amount of temperature difference (TD) 
between refrigerant temperature and the temperature of 
the air or other substance being cooled. Where high 
TD*s exist, such as on air conditioning applications, the 
superheat setting can be made as high as 15^ F. with- 
out noticeable loss in evaporator capacity. Where low 
TD*s exist, sach as in low temperature blower coil ap- 
plications, a superheat setting of 10^ F. or below is 
usually recommended for maximum evaporator capacity. 

For the correct valve setting on factory built equipment, 
manufacturers' recommendations should be followed. 
Some manufacturers specify the superheat directly; 
others may recommend valve adjustment to a given suc- 
tion pressure at certain operating conditions, or until 
a certain frost line is observed. Such recommendations, 
however they are stated, represent the results of exten- 
sive laboratory testing to determine the best posssible 
operation. 



FIELD SERVICING 



The thermostatic expansion valve is erroneously con- 
sidered by some to be a mysterious and complex device. 
As a result, many valves are needlessly replaced when 
the cause of the system mal-function is not immediately 
recognized. 

Actually the thermostatic expansion valve performs ocly 
one very simple function — It keeps the evoporafor 
supplied with enough refrigerant to satisfy all load con- 
ditions. It is not a temperature control, suction pressure 
control, a control to vary the compressor's running time 
or a humidity control. 

How effective the valve performs is easily determined by 
measuring the superheat as outlined in Figure-8. Ob- 
serving the frost on rhe suction line, or considering only 
the suction pressure may be misleadincr Checking the 
superheat ts the first s^.^p tn a simple and systematic 
analysis of thermostatic >xponsion valve performance. 

^ if not enough refr'c:erant is being fed to the 
evaporator — the superheat will be high. 

^ If too much refrigerant is being fed to the evapo- 
rator — the superheat will be low. 

Although these symptoms may be attributed to improper 
thermostatic expansion valve control, more frequently 
the ori{,in of the trouble lies elsewhere. 
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a 

if the load temperature is too high 
and valve does not appear to feed 
enough - - the superheat is high with 
a Slower than normal pressure. 

THE CAUSE MAY BE: 

1 MOISTURE — Water or a mixture of water and oil 
frozen in the valve port or working parts of the valve 
will prevent proper operation. 

This is the most common source of trouble on expan- 
sion valves. Since the valve is the first cold spot in 
the system, moisture will freeze and block the valve 
open, closed, or any position in between. If the valve 
is frozen in the intermediate position so that flow is 
restricted, the superheat will be high. 

~ REMEOY^ - InstallT Sporlan Catch-Ail Filter-Drier in 
the liquid line for removal of moisture from the re- 
frigerant and oil. See Bulletin 40-10. 

For additional protection, install a Sporlan See •AH 
Moisture and Liquid Indicator for a positive indication 
of when a safe moisture level is reached. See Bulletin' 
70-10. 

Excessive moisture has a damaging effect on all system components 
regardless of the evaporating temperature. It must be removed for 
trouble-free performance. 

2 DIRT or FOREIGN MATERIAL — Material such as scale, 
drier material, filings, etc. will restrict the flow of 
refrigerant when it collects in strainers or other liquid 
line accessories. This produces a shortage of refriger* 
ant at the thermostatic expansion valve port. Conven- 
tional strainers frequently allow the material to pass 
through the screen and obstruct the flow at the valve 
port. If a See •AH is installed downstream of the re- 
striction, bubbles will be visible. This should not be 
confused, however, with a r^sfrigerant shortage or 
excessive liquid line pressure loss which are also 
indicated by bubbles in the See*A[l. 

REMEDY - Locate and remove the foreign material 
creating the restriction. Install a Sporlan Catch-Ail 
Filter-Drier to provide effective filtration of the rt- 
O zerant. See Bulletin 40 10. 
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3 WAX — Certain refrigerant oils will precipitate wax 
at very low temperatures. Since the thermostatic ex- 
pansion valve represents the first cold point in the 
refrigeration cycle, wax is most likely to form at the 
valve port. 

It is difficult to observe the wax in a valve because 
it exists in solid form only at very low temper- 
atures. By the time the valve has been taken apart, 
the temperature has increased enough to cause the 
wax to melt and thus become difficult to detect. 
When wax is suspected, it can usually be detected on 
the pin and seat by packing the valve in dry ice 
while disassembling. 

REMEDY - If wax is found, consult the supplier of the 
refrigerant oil for recommendations. 



4 REFRIGERANT SHORTAGE — A See'All or sight glass 
in the liquid line will show bubbles when the system 
is short of refrigerant charge. Before adding more 
refrigerant however, be sure the bubbles are not pro- 
duced by other causes (See Paragraphs A-2 and A<5) . 

A lack of refrigerant charge may also be detected by 
a hissing sound at the thermostatic expansion valve. 
Some systems not equipped with a liq^uid line sight 
glass, will have test cocks or other devices for check- 
ing the refrigerant level in the receiver. 

REMEDY - Add enough refrigerant„to_ obtain desired, 
result. 



5 GAS IN THE LIQUID LINE — As explained in Para- 
/ graphs A-2 and A-4 above liquid line vapor can be 
produced by a partially plugged strainer or drier air.^ 
by a shortage of refrigerant charge. In addition, gas 
in the liquid line can be caused by air or other non- 
condensajt>le gases in the system or by excessive pres- 
sure losses in the liquid hne as a result of: 

a Long or undersized line. 

b Liquid line vertical lift. 

REMEDY - Verify the correct liquid line size for the 
equivalent length and system tonnage. Consult liquid 
line sizing data published in maiiy manufacturers* cata- 
logs and in text books. If undersized, repipe with the 
correct size. 

Determine amount of vertical life, and obtain the result- 
ing pressure loss from Table- 2, Page 14, Bullecin 10-10. 
From Table-6, Page 1 6, Bulletin 10-10, find required 
subcooling necessary to prevent gasification with the 
existing pressure losses. Provide the necessary subcooling 
b\ using one of the methods described on Page 1. 



*When compressor b equipped with capacity reduction, a low suction 
pressure will not exist. Instead, compressor will merely unload when 
pressure is reduced to a pre set point and load again when the pressure 
rises. When checking ej^panslon valve performance, a better analysis is 
possible when unloaders are locked so that the suction pressure will 
change in response to variations in load or valve feed. 



TABLE 1~-REC0MMENDED SHEET METAL GAUGES AND CONSTRUCTION 

FOR RECTANGULAR DUCT 
LOW PRESSURE-*!" W^G. MAX. LOW VELOCITY— 2000 F.P.M. MAX. 



FUt« 

No 



DImtniion 
of 
Longttt 
Sidt of 

Ducf 



AT JOINTS 



Plain "S" 
Slip (B) 



i H«inf?i«d 

I "S" Slip (C) 



Sftei MtttI 



Sttal 



Aluminum 



Pocktt 

Lock (K) 



Bar Slip (E) 



Drva Slip (A) 



Reinforcad 
Bar Slip (e) 



Standing 
Saam 



X 



Anglo Si;p(H) 




AltarnaU Bar 

Slip IP) 

An^iTRFO 
Pockat (L) 



I rfrfrrn|f -T^afci, 

Companion 
Anglas (M) 



Angia Rain- 
forcad 
Standing Saam 



REINFORCING 
ANGLE SIZE 

AND 
MAXIMUWI 
LONGITUDINAL 
SPACING 
BETWEEN 
TRANSVERSE 
JOINTS AND/OR 
INTERMEDIATE 
REINFORCING 



Thru 12" 



13" thru 18" 



7 

7A 



19* thru 30* 



31" thru 42" 



26 



24 (.020) 



A-B 
K 



24 



22 (.025) 



A-B 
K 



24 



22 (.025) 



22 



20 (.032) 



C-E 



E-GK. 



5'cc 



43* thru 34* 



22 



20 ( 032) 



@ycc 



55* thru 60" 



20 



18 (MO) 



K 



@3'cc 



10 



61* thru 84* 



20 



18 (.040) 



H 

F 

L 



<8> 2'-6* cc 



85* thru 96* 



12 



Over 96* 



18 



16 (.051) 



H 
L 



M 

J 



iVi*xiy2*xA- 

@ 2'-6^ cc 



IB 



16 (.031) 



H 

L 



M 
J 



2*x2*x^" 

' 2'-6'*cc 



*see plate 13 iot iashk standing xtm ccmstruction 
H (be^t d:^*n$ion)— up to 42*= 1* 
H (bei^t dimension)— 43* to 96*= 1^2* 
H (be!^t rfimension) — over i)6*=2* 

tRoU (ormt.^ ':p shall be 1^2* maximuin and 2" reinforcing angle fastened to slip ^hein 'H' dimension return 2* height. 
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All SrIACNA material 
contained herein is 
reproduced with permission 



PLATf NO. 5 TYPICAL DUCT CONNECTIONS - CROSS JOINTS 



Fig. A- DRIVE SL/P^ Ends of ducts inserted 
under cleat. For narrow sides of ducts 
that are 18" or less. Drive slips that 
are 19" - 30" must be reinforced with 
!»' X 1" X 1/8" angle. 

NOTE — A combination of drive slip A and any 
''S" slip B, C, E, F. G, H completes 
the transverse joint. 

Fig. B-- PLAIN *'S'' SLIP -Ends of ducts in- 
serted into open ends of '*S". Use on 
wide sides of small ducts. (Use Drive 
Slip (A) on narrow sides.) 

Fig. C --HEMMED ''SV SL/P- Similar to Plain 
"S" Slip (B) except with edges hemmed 
to produce stiffness. 

Fig. E-BAR SL/P-Similar to Plain ''S'' Slip 
(B) except for standing edge which is 
formed to provide reinforcing. 

Fig. F- ALTERNATE BAR SLIP (STANDING 
''S'' SLIP) Same as Bar Slip (E) ex- 
cept standing leg is folded to three 
thicknesses for stiffness. 

Fig. G - REINFORCED BAR SL/P -Similar to 
Bar Slip (E) except for the addition of 
a steel reinforcing bar inserted in the 
standing edge. 

Fig. H - ANGLE SLIP - Same as Reinforced 
Bar Slip (G) except for the use of a 
reinforcinjg angle in place of the rein* 
forcing bar. AngU^ may insido or 
fastened lo oulside of slip. 

Fig. I -STANDING SEAM -Ends of adjoining 
ducts are joined as shown with button 
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punch at six-inch centers added after 
assembly. 

Fig. J - ANGLE REINFORCED STANDING 
SEAM -Same as Standing Seam (I) ex- 
cept for reinforcement with angle, one 
leg of which is fastened to the duct 
and the other leg is secured to the 
standing edge of the seam. 

Fig. K- POCKET LOC/f -Normally used on 
four sides of a duct. The pocket sec- 
tion is clip punched or "hickey" pun- 
ched to the duct near corners and then 
every six inches; the other end is flange- 
ed outward to join with second sheet 
and then hammered down. 

Fig. L - ANGLE REINFORCED POCKET LOCK 
-Same as Pocket Lock (K) with added 
angle stiffener. 

Fig. M- COMPANION ANGLES- Angle frames 
are riveted, bolted or welded to duct 
ends and are then bolted together with 
gasket or caulking to prevent air leak- 
age. Recommended for use where duct 
sections must be removed periodically. 

Some of the above connections may be favored 
over others in certain parts of the country, and 
all of them are not listed in Table I. Substitu- 
tions can be made for those that are listed pro- 
vided the same quality of construction is main- 
tained. 

NOTE-Attom^s on Plate No. 5 indicate preferred 
air flow direction. 

NOTE — on Plate No. 5 indicates dimension 
as specified in Table No. 1. 
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TYPICAL DUCT CONNECTIONS 
CROSS JOINTS 

(NOT TO SCALE) 
H=HEIGHT REFERRED TO IN DIMENSIONS 



mm 



(A) 

DRIVE SLIP 




AIR FLOW 



(B) 

PLAIN "S" SLIP 




AIR FLOW 



(C) 

HEMMED "S" SLIP 



H 

L 



1 




AIR FLOW 



(E) 

BAR SLIP 




AIR FLOW 



(F) 

ALTERNATE BAR SLIP 
ISTAMOING "S" SLIP)- 



H 

L 



1 




AIR FLOW 



(G) 

REINFORCED 
BAR SU P (CLEAT) 




AIR FLOW 



(H) 

ANGLE SLIP 




AIR FLOW 



(K) 

POCKET LOCK 




(I) 

STANDING SEAM 




(J) 

ANGLE REINFORCED 
ST/}?^OING SEAM 




AIR FLOW 



(L) 

ANGLE REINFORCED 
POCKET LOCK 



GASKET 

(M) 

COMPANION ANGLES 
(CAULK OR GASKET) 
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PLATI NO. 5A - LONGITUDINAL SEAMS 



Longitudinal seams which run hori- 
zontally on the duct sections are im- 
portant because these locks must hold 
the duct pieces securely and tightly- 
should not leak under pressure -and 
should be readily and swiftly put to- 
gether on the job or in the shop. 

Fig. N The commonest type of longitudinal 
seam is the Pittsburgh lock. Origi- 
nally formed in the brake or press 
brake, today roll forming machines are 
used to form the pocket in one piece 
and the flange in the other piece. After 
one piece is inserted in the pocket the 
''tail'' is hammered over to close the 
lock. 

Fiff. 0 - The Acme lock originally , called a 
''lock grooved seam'' was popular be- 
cause it provided snug nesting and a 
smooth exterior surface. Today this 
lock is used to join two flat sheet for 
increased width. 

Fiff. T — Standing seams or double . standing 
seams are used mostly on the inside of 
ducts and for certain isizes of ducts 
where their use leads to economical 
sheet cutting. 



Fig. Z - The "Button Punch Snap Lock'* is a 
recent inovation. Originally the "con- 
tinuous" snap lock was used on light 
gauge stove and furnace pipe to per- 
mit shipping nested. The pipe section 
was then "snapped" together. 

The "button punch" spaces the "but- 
tons" on approximately two inch cen- 
ters along the flange to be inserted in 
the pocket. The continuous sharp fold 
on the pocket permits the buttoned 
flange to be "snapped" into the poc- 
ket. Detail 1. 

The dimensions of the pocket and the 
flange are critical in high pressures. 
The pocket and the flange must be 
formed in a machine suited to the 
gauge of metal being formed. If this 
is not adhered to, the pocket will be 
. "loose" and stiffness and air tight- 
ness will be lessened. 

NOTE - SMACNA has conducted a lengthy test- 
ing program on high pressure duct con- 
struction. Attention was paid to the 
button punch snap lock. An official 
test report on button punch snap lock 
is included in this manual. 

NOTE - Snap lock not recommended for alu- 
minum. 
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LONGITUDINAL SEAMS 





DETAIL NO. 1 
MALE PIECE-SNAP LOCK 



FI G. "T" 
DOUBLE SEAM 
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additional duct sections in long straight runs. 

Stomt ond Intarmtdiata Ralnforcing 

Details in Pigs. 3*16 through 3*20 illustrate Ion* 
gitudinal seams and the attachment of intermedi* 
ate reinforcing angles and rods to the duct* The 
button punch snap lock is not included in the rec* 
ommended longitudinal seams, although it did per* 
form satisfactorily in the tests (Chapter 11). Field 
experience has shown that a partially assembled 
button punch snap lock seam may withstand the 
pressure test during construction» but will open 
up under pressure after several months of opera* 
tion* Failures of this kind could prejudice con* 
suiting engineers against the use of this joint in 
low velocity duct construction where it has an 
outstanding record of performance. 
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Rfl. 3-1 

Medim 

Pressure, 

High Velocity 

Redaiigilar 

Ducf 

Construction 
for Static 
Pressures 
in Duct Up 
Tiirougli 
6*^ W.6. 



DIMEMSION 
OP LONGEST 
SIDE 



® 



Up thru 12' 



13". 1 8" 



I9"-24" 



25"-36" 



37"-48' 



49"-60" 



6 1 "-72' 



73"-84" 



85"-96" 



97" and Over 



6ALV. SHEET 

GA. (AU 
FOUR SIOESI 



© 



24 



24 



22 



22 



22 



20 



20 



18 



18 



18 



TIUNSVERSC 



BETWEtN JOINTS 



MINIMUM REINFORCING ANGLE 
SIZE AND MAXIMUM 
LONGITUDINAL SPACING 



® © 



WITH Tie 
RODS 



No tie rods 
required 



I tie rod® 
48" inter* 
vols on cen« 
ter*line of 
duct side 



I tie rod @ 
48" inter* 
vols on cen- 
ter*line of 
duct side 



1V^x|i>^xV% 
@ 24" with 
tie rod in 
center 



@ 24" with 
tie rod in 
center* 



I V^xl W/k 
® 24" with 
tie rod in 
center 



IV^xPAxV^o 
® 24" with 
tie rod in 
center 



2x2x1/8 @ 
24" with tie 
rods rods® 
48" olong 
ongie 



WITHOUT TIE 
RODS 



Noongle 
required 



lxlxl6Go. 
@ 48" 



IxIxVb 
®48" 



lxlxV% @32' 
OR 

|1/4X|1/4XV^ 

@40" 



P/2xP/2xl/8 

@30" 



2x2x^8 
® 24" 



2V^x2 1/2)^6 
@24" 



2Vix2Vix% 
® 24" 



Slip Joint 



J 



OoUblo 'V Slip 



WakMFIongt fSj 



MIN. ANGLE 
SIZE 



None 
required 



lxlxl6Go. 



IxIxVb 



1 1/4x1 i/4xVb 



1 >Axl VixVt 



2x2xVb 
OR 

1 16x1 i^xVi 

with tie rod in center 



2V6x2V^}dft 

OR 
1 16x1 VixVt 
with tie rod in center 



2Vix2V4>df. 
OR 

1 >Axl l6xVb 

with tie rod in center 



1 16x1 V6xi/e 
with tie rod 

in< 



2x2x!4 with 
tie rods @ 48" 
along angle 
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^NOTES: (o) When transverse reinforcing is required on oil four sides it murt be tied together ot eoch comer 
by riveting* bolting or welding. When transverse reinforcing is required on only two sides, it must 
be tied togettier with either ti^ rods or ongles ot the ends. 

Transverse reinforcing size Is determined by dimension of side to which angle is opplled. Angle 
sizes ore based on mild steel* Relnfbrcing mode In ottier shapes or of other motertols must 
be of equivalent strength and rigidity. 



SMACNA High Vtlocity Duct Standords— 2nd Ed. 



A-7-(h) 



AT JOINTS 



JL 


Sronding Scorn 

® 


JL 


* 

l^lonQod Joint 

® 




WtfcM Flange 

^^^^ 

® 


Reinforced Stonding 
Seofn 

^^^^ ^^i^ 

® 0 


Componion Angle 
Flanged Joint 

® 


HEIGHT 


MIN. 
HEIGHT 


MIN. MIN. ANGLE 
HEIGHT SIZE 


MIN. 
HEIGHT 


MIN. ANGLE 
SIZE 


KJLf0 
TB 


i 


Rea'rd. 


1 


1 /4x 1 74** ye 


VB 


1 


1 iNone 
Heq'rd. 


1 


1 74X1 74 X 70 




I V4 


1 74 FN one 

Rea'rd. 


1 lA'* 
1 74 


1 Va^\ IAxVSi 


1 Vft" with 
tie rod 
in center 


2" 

OR 

i YZ WiTn 

tie rod 
in center 


I Vi" I Vi*! V4 


2" 


1 */4xl V4XVb 


1 W with 
Tie rou in 
center 


1 W with 
Tie roa 
in center 


1 Vi" 2x2xMi 


I Vi" with 
Tie roa 
in center 


1 Vixl VixVb 


)Vb" with 
z Tie roos 


1 W with 
Tie roa 
in center 


I V4" 2x2xVi 


1 W with 

4lA m0\A 

Tie roa 
in center 


2x2xVb 
OR 

P/4xP/4XVi 

with tie rod in center 


1%"with 
^ Tie roos 


2'' with 
Tie roa 
in center 


1 Vi" 2V4x2Vi 


I Vi^'wfth 
Tie roa 
in center 


0 R 

iy4XP/4xVil 

with tie rod in center 


z Tie rwus 


2" with 
Tie roa 
in center 


< 


with 
Tie roa 
in center 


P/4xP/4xVi 
WITH Tie roa 
in center 


l%"with 
2 tie rods 


2'^ with 
tie rod 
in cent#r 


< 


2" with 
tie rod 

In C0nf#r 

III ^VlllVI 


1 V4XP/4XVb 

with tie rod 
in center 

III ilwl 


1%'' With 

tie rods 
® 32" 
olong joint 


2" with 
tie rods @ 
48" 

along joint 


< 


with tie 
rods ® 48'' 
olong Joint 


1 16x1 V^xVa with 
tie rods @ 48'' 
olor^ ongte 



(b) There is no restriction on the length of duct sections between joints* Ducts ore normolty mode 
in Sections of 4, 8, 10 or 12 feet in length. The longitudinal spoclng of the tronsverM reinforcing 
between joints may necessarily be less then ttw spacings recommended in the toble in order 
to conform to the selected ter)gth module. 

<cl Tie fodb to 36" long shall be 1/4'' min. diameter. 

<dl Tie rods 37" kmg and over shall be min. diameter. 

(e) Whin 2 tie rods ore required, instollotion to be ot 14 points ocross the duct. 

O :NA High Velocity Duct Standards— 2nd Ed. 




TIE ROD 




ERIC 



A-7-(j) 



SMACNA Hifh Velocity Duet Stondordi— 2nd Ed 



AT JOINTS 



0 



(D 




^ - t _ a . A m m. _ ^ 



® ® 




Plonotd Joint 



® 



Pockti Lock 




FlonQtd Joint 



® 



MIN. 
HEIGHT 



MiN. 
HEIGHT 



MIN. MIN ANGU 
HEIGHT SIZE 



MIN. 
HEIGHT 



MIN. 
HEIGHT 



MIN. ANGU 
SIZE 



Rcq'fd. 



None 

R«)'rd. 



1" 



1 V4Xl V4X\« 



I'/i' 



None 
Req'rd. 



P/4' 



1 V4Xl V4xVb 



1 Vd" with 
ti«rad 
in ctnter 



IVi' 



IVi" 



Non« 
Req'rd 



IVi' 



1 </4Xl V4XV% 



I V%" with 
tie rod in 
center 



2" 

OR 
IVi" with 
tiered 
in center 



IVi" 



1 Vixl Vi 



1 </4x1 i^xMi 



1 %" with 
tie rod in 
center 



1 Vi" with 
tie rod 
in center 



IVi' 



2x2xV% 



IVi" with 
tie rod 
in center 



1 Vixl VixVb 



1 W with 
2 tie rods 



2" with 
tie rod 

in( 



IVi" 



2Vix2Vi 



1 Vi" with 
tie rod 
in center 



2x2>^« 
OR 

1 V4Xl V4XV% 

with tie rod in center 



l%"with 
2 tie rods 



2" with 
tie rod 
in center 



l!i' 



2Vix2Vi 



I Vi" with 
tie rod 
in center 



2x2xH( 
OR 

1 V4xl MixVi 

with tie rod in center 



1 W with 
2 tie rods 



2" with 
tie rod 
in center 



1 Vi" with 
tie rod .' 
in center 



2x2)da 
OR 

1 </4Xl </4xV<l 

with tie rod in center 



l%" with 
tie rods 
® 32" 
along joint 



2" with 
tie rods® 
48" 

olortgjoirrt 



2" with tie 
rods @ 48" 
olong joint 



1 Vixl VixVb with 
tie rods ® 48" 
olong angle 



ERIC 



(b) Thtro is no rtstriction on tht Itngth of duct sections bttwotn Joints. Ducts art nomMlty mod* 
in Soctlonft of 4. 8. 10 or 12 foot in lonoth. Tht kmoitudlnot spacing of ttw trancvtrst rtkiforcing 
bttwitn ioints may necossorily ba Im than ttio spocings rocomwandod in tho toM In ordir 
to confonn to tho ttioctod longth modulo. 
Ic> Tio rods i» to 36'' long sholl tot 1/4" mia diomottr. 
Id) Tit rodsTr' long ond ovr shol) bo W mln. diomtttr. 
It) Whtn 2 tii rods oro roquirod, instollotion to bt ot points ociots ttit duct. 
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High 

Pfissirt, 
Higb 

Yelocfty Dvcf 
ConstractioH 
for Sfofic 
Presssres to 
Did Over 6'' 
W.G. and Up 

To 10" w.e. 



DIMENSION 
OF LONGIST 
SIDi 



Up thru 12" 



1 3"- 1 8" 



W-24' 



49"-60" 



6r'-72" 



73"-84' 



85"-96" 



97" and Over 



GALV. SHCET 

GK (AU 
FOUH SIOCS) 



® 



22 



22 



22 



22 



22 



20 



20 



18 



18 



16 



■ITWIIN JOIKTS 



MINIMUM RIINranCING ANGU 
SIZE AND MAXIMUM 
LONGITUDINAL SPACING 



® ® 



WITH TIE 
RODS 



No tie rods 
roqulrod 



I tie rod® 
40" inf«rvols 
on center- 
line of duct 
side 



2 tie rods 
@40" 



1 1^x1 VixW 
® 24" with 
tie rod in 
center 



I Vixl VkxVt 
® 24" with 
tie rod in 
center 



1 V2Xl Vix^/t 
® 24" with 
tie rod in 
center 



1 V^xl VixVk 
@ 24" with 
tie rod in 
center 



2x2xMi ® 
24" with tie 
rods® 
48"olong 
onple 



WITHOUT TIE 
HOPS 



No angle 
required 



lxlxI6Ga. 
® 48" 



1x1xV« 
@48" 



I VakI VtxVk 
® 32" 
OR 

1 l^xl VixVk 
® 40" 



2x2xl« 
® 30" 



2x23^ 
® 24 



2V^x2t>^x 
>f.®24" 



mNsvwi 




MIN. ANGLE 
StZE 



Nono 

rtquimd 



)x1x16Go. 



1l^x1l6xVb 



2x2x)fc 
OR 

IMixlV^xli 
withtlojodlnctnttr 



2x2x^1 
OR 

ll^xPAxVb 
, with tie rod In cortttr 



2)^x21^)^4 
OR 

mxi vix}% 

with tje rod In 



1 Vixl I6x!4 
with tie rod 
in center 



1 16x1 Vix^A 
with tie rod 
in center 



2x2x^8 with 
tie rods @ 48" 
along angle 



•NOTES: (o) Whtn 

ft 



iim 
bo of 



tranivtrte rt inforcing Is lequlrod on oil four sidos it must bo tied togtthor ot ooch eomor 
^in0« boltinq or woldino* Whon tronsvofM reinforcing it roqulrod on only two sidos^ it must 
fOBomor wim iiimr tie roos or ornios oi wo onos* 
fse Minfordng sixe is dotornilnod by dimonsion of tidt to whidi ongle Is opplied. Angle 
oro bosid on mild stool Roinfordng mode in othir ihopos or of other moforiols must 
oqulvoknt strength and rigidity. 
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HANGERS FOR DUCTS 

STRAP HANGERS TRAPEZE HANGERS 




§MACNA DUCT STANDARDS 

ERIC : 
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Pim HO. 19 - HANOliS POR DUCTS-Umt ATTACHMINTS 



Many parts of a building, such as heating, 
plumbing and sprinkler pipe, electrical conduits 
and fixtures, and ceilings, require hanging. 
Cnnsecpiently, there is a continuing effort to 
improve hanging systems. 

The duct hanging system is composed of three 
elements - the upper attachment to the building; 
the hanger itself; and the lower attachment to 
the duct. 

Vfper AiiaehmentB 
Concrete Inserts 

The concrete inserts illustrated must be install- 
ed prior to placing the concrete. They are used 
primarily where the duct layout is simple and 
there is enough lead time to determine accurate 
placement. Fig. 1, the simplest, is merely a 
piece of bent flat bar. Fig. 3 and 4 show manu* 
factured inserts available individually or in 
long lengths; the latter are generally used where 
many hangers will be installed in a small area, 
or where individual inserts cannot be precisely 
spotted at the time of placing concrete. 

Concrete Fasteners 

Concrete fasteners are installed after the place* 
ment of the concrete and the removal of the con* 
Crete forms. Their application allows greater 
flexibility than concrete inserts because their 
exact location can be determined after all inter* 
ference$ between various trades' woric have been 
coordinated. 



Fig. S and 6 show variations of powder actuated 
fasteners which are placed by an explosive 
charge. These fasteners should not be used in 
certain lightn^eight aggregate concretes, nor 
should they be used in slab sections less than 
4 inches thick. 

Expanding concrete anchors should be made of 
steel, ^k>n•ferrous anchors tend to creep with 
vibration. Fig. 8 illustrates expanding fasteners, 
the holes for which are drilled either by a car- 
bide bit or by teeth on the fastener itself. The 
expansion shield is "set*' by driving it into the 
hole and expanding it with the conical plug. The 
expansion nail. Fig. 9, is a lighter duty fastener, 
used for small duct and flexible tubing. 

In the case of all of the above fasteners, there 
are possibilities of interference mth steel rein- 
forcing in the concrete. The installer must exei^ 
cise good judgment and have some knowledge of 
typical reinforcing patterns. 

Structural Steel Fasteners 

Fig. 7 illustrates the use of a C-clamp which 
should be used with a retaining clip. Fig. 10 
shows a welded stud placed by special welding 
equipment. 

Fig. 11 shows patented devices which are driven 
on to the flange and will support either a rod or 
strap type hanger. 



ERIC 
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Fig. 5-11 



CELLULAR DECK HANGING SYSTEMS 
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A8HAN0ER STRAP 




HIOH VELOCITY DUCT 

HIGH VELOCITY DUCT HANGERS Fig. 5-12 
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TABLE 1 

SCHEDULE OF REINFORCEMENT 
REaANGUUR FIBROUS 6USS AIR DUCTS 

SD BOARD 1" THICK 



0 THRU h" W.G. AAAXIMUM STATIC PRESSURE- 2000 F.P^ A^IMUM VELOCITY 






arondOVER 


Rafaifeiwin AeeerdonnwifhTabl«B«low (OVR THRU 1" W.O.) 



OVER W THRU T W.G. AAAXIMUM STATIC PRESSURE«2000 F.P^. AAAXIMUM VELOCITY 



C^mension 
Longest SIdt 
of Duct 



Plof» 
Number 



Tronivff Joint 



MosifiHifii S podwQ 48^ 0«C« 



r.- 



r 

* * 

miynoi 




•Of 



Supply Air Dud 



Return Mr Dud 



0 Thro 24" 



None 



None 



25" Thro 36" 



Supply 
No. 1 

Return 
No. 2 



3r Thro 48" 



Supply 
No. 1 

Return 
No. 2 



■~Tr 

hi?' 

2fiGouot'A' 



On«22Goug«'P 





2QGaugt'A' 



Ont2SGoug«r 



One22Gaug«'P 



49" Thro 60" 



Supply 
No. 3 

Return 
No. 4 



r 



1 




IS Gauge 'A' 



Two 29 Gouge T 



Two^Gougo'P 
Two 23 Gouge *G' 



61" Thru 72" 



No. 4 




Supply ond Return 



1J4" 
15 Gouge 'B' 




Two 1§ Gouge Tond Two Gouge 'G' 



73" Thro 84" 



No. 5 



I [l%" 



Supply ond Return 



18 Gouge '0' 




Three 1^ Gouge 'F ond Three 22 Gouge 'G' 



•"»« ^H fihiaiii — ftiil l*MHiinll«« llniiilnuli 



TABLE 2 
SCHEDULE OF REINFORCEMENT 
RECTAN6UUR FIBROUS GUSS AIR DUCTS 

SD BOARD 1" THICK 



OVER 1" THRU 2" W.G. MAXIMUM STATIC PRESSURE -2000 F.P.M. MAXIMUM VELOCITY 



Reinforcements 



Dimension 
Longest Side 
of Duct 



Plate 
Number 



Transverse Joint 



Maximum Spacing 48" O.C. 
'A' — l^'- 'C -L-ll'- 

IV 'Tv* 



Lolerol 



EKternql 



'G' . 
Internal 



Supply Air Duct 



Return Air Duct 



OThru 15' 



None 



None 



None 



None 



16" Thru 24" 



Supply 
No. 6 

Return 
No. 7 




^yt" 

22Gauge'A' 



One 22 Gauged 



1*1 

One 22 GougeT 
One 22 Gauge 'G' 



25" Thru 36" 



Supply 
No. 6 

Return 
No. 7 



37" Thru 48' 



Supply 
No. 8 

Return 
No. 9 




1" 



T/4" 
20 Gauge 'A' 



One 20 GougeT 




One 20 Gouge'F 
One 22 Gauge 'G' 



I Ita^' 




V/i" 
20 Gauge's' 




Two20Gauge'F 



Two20Gauge'F' 
Two 22 Gauge 'G' 



49" Thru 60' 



Supply 
No. 8 
Return 
No. 9 




18 Gauge 'C 



I " " I 

Two 20 Gauge 'F' 




Two 20 Gouge 'F' 
Two 22 Gauge 'G' 



61" Thru 84" 



No. 10 




IE'"" 



Suppi/ and Return 



'1^2'" 

ISGauge'E' 




Three I^Gauge'F'and Three 22 Gauge 'G' 



SMACNA'FibreiM G(an Dud Comlf udien Standards • 



LATERAL DUCT REINFORCEMENT 




NOTES: 

1. Plated sheet metal screws to fasten external reinfarcing lateral ta internal reinfarcing 
lateral and transverse reinforcing members shall be /^10x1-1/2" on W maximum centers. 
When internal laterals are not required, 10x1/2" sheet metal screws shall be used for 
connecting the , external reinforcing laterals to the transverse reinforcing members. 

When fabricating reinforced Fibrous Glass Ducts that require internal lateral bracing, cut 
the smaller internal lateral approximately 1/2" shorter than the actual distance between 
centerlmes of ihe tronsverse reinforcements, so that the internal lateral can be fastened 
to the external lateral at the centerpoint before joining of sections. Working from the open 
end of the added section, the internal lateral can then be pivoted into position and both 
internal and external laterals fastened to the base flange of the transverse reinforcing member 
with a sheet metal screw. 

Q 

F R I p 'A*^**'®*'* Construction Stondordi 

HM&BB A-7-(s) 



TRANSVERSE REINFORCING MEMBERS 
AND SPOT WELD SPACING 




NOTES: 

1. Configuration of transverse reinforcing members shall be as shown. Alt metal shall be galvanized 
sheet metal of gauges indicated on the Reinforcement Schedules shovt^n on pages 6 and 7 

2. Spot welding patterns illustrated obove must be adhered to. Distances between welds are 
maximum and extreme caution shall be exercised to obtain secure welds approximately 1/4'' 
from the top and thd bottom of the transverse reinforcing members. 

3. Tronsverse reinforcing members are formed or joined at the duct corners by the following 
methods*. 

a. Stem is cut and flanges are benr 90*. 

b. Flanges are removed and the two stems of the structural members are extended beyond 
the corners and joined with a 1/4" diameter or larger bolt. 



ERLC 



A-7-(t) 



SMACNA-Fibfoui Glost Duct Construction Stondordi 




OVER V^ IN. THRU 1 IN. W.G. 



SMACNA FIBROUS DUCT MANUAL Plate No. 2 



SMACNA-FibroiH Gloss Dud ConstrucKon Stondords 



TYPICAL REINFORCEMENT 
SUPPLY AIR DUCT 




OVER V2 IN. THRU 1 IN. W.G. 



SMACN A FIBROUS DUCT MANUAL Plate No. 3 



SMACHMibiOM Glau Ouct Conitructien Standards 



o 
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TYPICAL REINFORCEMENT 
RETURN AIR DUCT 




OVER IN. THRU 1 IN. W.G. 



SMACNA FIBROUS DUCT MANUAL Plate No. 4 



SMACNA- Fibrous Glass Dud Construction Standards 



TYPICAL REINFORCEMENT 
SUPPLY AND RETURN AIR DUCT 




OVER '/2 IN. THRU 1 IN. W.G. 



SMACNA FIBROUS DUCT MANUAL Plate No. 5 



SMACNA*Fibious doss Duct Cdfistructfon Standaras 



TYPICAL REINFORCEMENT 
SUPPLY AIR DUCT 




Over 1 In. W.G. thru 2 In. W.G. 



SMACNA FIBROUS DUCT MANUAL Plate No. 6 



* 

SMACNA~Fib<ous doss Duct Constructfon Stonderds 



TYPICAL REINFORCEMENT 
RETURN AIR DUCT 




SMACNA FIBROUS DUCT MANUAL Plate No. 7 



SMACNA-Fibrao» Gfou Duct Constructton Standards 



TYPICAL REINFORCEMENT 
SUPPLY AIR DUCT 




Over 1 In. W.G. thru 2 In. W.G. 



SMACNA FIBROUS DUCT MANUAL Plate No. 8 



SMACNA*PibroMS Gtou Duct Construction Standards 



TYPICAL REINFORCEMENT 
RETURN AIR DUCT 




OVER 1 IN. THRU 2 IN. W.G. 



SMACNA FIBROUS DUCT MANUAL Plate No. 9 



SMACNA>Fibrous Glott Ouct Construction Sta 

er!c ' 
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TYPICAL REINFORCEMENT 
SUPPLY AND RETURN AIR DUCT 




OVER 1 IN. THRU 2 IN. W.G. 



SMACN A FIBROUS DUCT MANUAL Plate No. 1 0 



O A-Rbrous Gloss Duct Construction Stemdords 
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VBICTIOM or StH IM WfWM 



500000 
400000 

300000 

200000 
ISOOOO 




.04 .06 .10 .20 .40 .60 1.0 2.0 
FRICTION IN INCHES OF WATER PER 100 FEET 

R0primi€d from iit Ammcam SociHy of Heathg 0md VtntUuting Engimeers Guide 1941, Chapter 31, Page 574. 
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ASSOCIATED AIR BALANCE COUNCIL 



torn Mo. 1276» 



AIR MOVING EQUIPMENT TEST SHEET 



Job Name, 



Address 



Date 

Sheet No.. 



Testing It Balancing Agency 



UnUNo. 










Location 










Manufacturer 










Model No. 










Serial No. 










Conditions 


opccixiec 


Aciuax 


opeciueQ 


A^f «es1 


fiBA#*l/lee^ 




opecuiec 


Accuai 


Total 
Co F. Mo 


















Return 
Air F. M. 


















O.S.A. 
C. F. M. 


















Static 


















Suction 

Jk a Q V 9 «SA V 


















Discharge 
PrettuA 


















Fan Sheave 


















Motor Sheave 


















Belts * 


















Motor 

Manufacturer 


















olse 


















voltage 


















I'liase 


















RPM Motor 


















Amperage 




























RPM Fan 












































































• 
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^Reproduced with 
permleslon 



AABG 



ASSOCIATED AIR BALANCE COUNCIL 



Form Mo« 12666 



Job Name 



DIFFUSER & GRILLE TEST SHEET 

Address 



Date 

Sheet No*. 



Testing & Balancing Agency. 



Room 
No 



Out let 
No. 



Code 



Size 



Effective 
Area 



Wcquirtd 



Vel C.F.W. 



Tf n RtiulU 



Vcl C.F.M. 



i 



Sheet Code 



Remarks 



Type Code Model Mfg. 
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AABG 



ASSOCIATED AIR BALANCE COUNCIL 



Form No. 12866 



Job Name 



EXHAUST FAN TEST SHEET 



Address 



Date 

Sheet No.. 



Testing tt Balancing Agency. 



1 




















Fan No. 




















Mfg. 




















Size 




















Motor HP 




















Voltage 




















Amp 
Rating 




















Actual 
Amp 




















Actual 
RPM 




















Required 
SP 




















Actual 
SP 




















Required 
CFM 




















Actual 
CFM 




















Fan 
Sheave 


• 


















Motor 
Sheave 




















Belts 






































































































































































• 
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AABG 



ASSOCIATED AIR BALANCE COUNCIL 



Form No, 12968 



DUCT TRAVERSE SHEET 



ZONE TOTALS 



Job Name 



Address 



Date 

Sheet No.. 



Testing & Balancing Agencyi 



Zone 
No. 



Duct 
Size 



Effective 
Area 



Required 
Velocity 



Actual 
Test 
Velocity 



Required 
C.F.M. 



Actual 
Test 
C.F.M, 



Average 
Vel. 

Pressure 
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ASSOCIATED AIR BALANCE COUNCIL 



Form No. 13068 



DUCT TRAVERSE READINGS 



Job Name 



Address 



Date 

Sheet No.. 



Testing & Balancing Agencyi 



NO* 


Vel. 
Press. 


Velocity 


Duct 
Position 


Vel. 
Pre 8 a 


Velocity 


Duct 
Position 


Vel. 
Press 


Velocity 


Position 










































































































































































































































































































































































Toti 




Total 
= A 




Total 
» A 




Ave raff P VpK 


verage Vel. ' 
















































































































































































-\ 

















































































: 




















































































































Iota 


1 


Total 
» A 




Total 
» A 




Average VpI. 


verage Vel. 


verage Vel. 



lemarks 
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SYMBOLS FOR 
VENTILATION a AIR CONDITIONING 



SYMBOL MEANING 



SYMBOL 



SYMBOL MEANING 



SYMBOL 



FAN a MOTOR WITH BELT 
GUARD a FLEXIBLE 
CONNECTIONS 



VENTILATING UNIT 
(TYPE AS SPECIFIED) 



UNIT HEATER (DOWNBLAST) 



UNIT HEATER (HORIZONTAL) 



UNIT HEATER (CENTRIFUGAL 
FAN ) PLAN 



THERMOSTAT 



® 



POWER OR GRAVITY ROOF 
VENTILATOR-EXHAUST (ERV) 




POVIO OR GRAVITY ROOF 
VENTILATOR- INTAKE (SRV) 



(D 



POWER OR GRAVITY ROOF 
VENTILATOR - LOUVERED 



CD 



MIXING PLENUM 



36 X 24L 



LOUVERS a SCREEN 



DIRECTION OF FLOW 



SPLITTER DAMPER 



DUCT SECTION (EXHAUST 
OR RETURN ) 



20 



DUCT SECTION (SUPPLY) 



S 12 X 30 



DUCT (1ST FIGURE, SIDE SHOWN 
-2 N0-F-I6URE,-SI0E_N0T_SHQWNJ__ 



12 I 20 



INCLINED DROP IN RESPECT 
TO AIR FLOW, TOP FLAT 



INCLINED RISE IN RESPECT 
TO AIR FLOW, BOTTOM FLAT 



E3 



TURNING VANES 



VOLUME DAMPER 



VD 



rh 



GOOSENECK HOOD (COWL) 



r ' ' I 



BACK DRAFT DAMPER 



BOO 



AUTOMATIC AIR DAMPERS 
MOTOR OPERATED 



SEC. 



4 ^AAO 



ELEV. 



ACCESS DOOR (AD) 
ACCESS PANEL (AP) 



AD 



DAMPER AS SPECIFIED 



ACOUSTICAL LINING 



SOUND TRAP 



r:gT: 



FIRE DAMPER a SLEEVE 



UK 



FLEXIBLE DUCT 



EXHAUST OR RETURN AtR INLET 
CEILING (INDICATE TYPE) 



El 



1 2 R 20 GR 
700 CFM 



SUPPLY OUTLET. CEILING, ROUND 
(TYPE AS SPECIFIED) 
INDICATE DIRECTION OF FLOW 



20 ♦ 

700 CfM 



SUPPLY OUTLET. CEILING . SQUARE 
(TYPE AS SPECIFIED ) 
INDICATE DIRECTION OF FLOW 



□ 



12 K 12 
700 CFM 



SUPPLY OUTLET WALL 



12 « 20 Q R 
700 CFM 



SUPPLY GRILLE (SG) 



12 K 20 S 6 
700 CFM 



RETURN GRILLE- NOTE 
AT CEIUNG OR FLOOR 



IZIi 



1 2 X 20 RO 
700 CFM 



EXHAUST GRILLE (EG) 



IZl 



12 « 20 Efl 
700 CFM 



EXHAUST OR RETURN 
INLET-WALL (EG OR RG) 



2 



12 K 20 0 
700 CFM 



DOOR GRILLE 



DO 
J2 « 6 



NOTE: GRILLES WITH VOLUME CONTROL 
DESIGNATE AS -SR. RR OR ER 



SMACNA DUCT STANDARDS 



Plate No.3 
Page No.5 
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HONEYWELL DATA: STEAM FLOW CHART 
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DRY SATURATED STEAM: PRESSURE TABLE 



Aba Press., 
Lb 
Sq In. 
P 



Temp. 
F 
i 



— Specific Volume — 

- Sat. Sat. 
Liquid Vapi>r 

r/ 



Sat. 
Liquid 



-Entnalpy- 

Kvap. 
hfg 



Sat. 
Vapor 
hg 



Sat. 
Liquid 



-Enti-opy- 

K\ap. 
*f9 



Sat. 
Vapor 
£3 



—Internal Kmrev— 
Sat. Sat. 
Liquid Vapor 
uf ug 



Abs Pr*»sR:. 
Lh 
Sq In. 
P 



10 


101.74 


0.01614 


333.6 


69 70 


1036.3 


1106.0 


0.1326 


1 .8456 


1.9782 


69.70 


1044.3 


1.0 


2 0 


126.0S 


0 01623 


173.73 


93.99 


1022.2 


1116.2 


0.1749 


1.7451 


1.9200 


• 93.98 


1051.9 


2 0 


3 0 


141.48 


0 01D,30 


118.71 


109.37 


1013.2 


1122.6 


0.2008 


1.6855 


1 .8863 


109.36 


1056.7 


3.0 


i 0 


ISO Q7 


U-UIWO 


on M 

W. Do 


IM.OO 


lUUO. 4 


1 107 9 

1 IJ/ -0 


n 91 09 

U. ZlVo 


1 RJ07 
1 . 04^/ 


1 fi4V»> 


IOA Qt^ 


10AA 0 

lUOU. J 


1 n 


S 0 

9 U 




U.UltHU 


79 RO 


1 9A 1 9 


lUUl .u 


1 191 1 


A 09 47 


1 CAA < 

1 .DU94 


I .o441 


1 9A 1 Q 
lJU. 1 J 


1 Aft9 1 


C A 

a .u 


8 0 


170.06 


0.01645 


61.98 


137.96 


996.2 


1134 2 


0 2472 


1 .5820 


1 .8292- 


137.94 


1065.4 


6 0 


7.0 


176.85 


0 01649 


53.64 


144.76 


992.1 


1136.9 


0.2581 


1.5586 


1.8167 


144.74 


1007.4 


7.0 


8 0 


182. 8H - 


0.01653 


47 34 


150.79 


9SS 5 


1139.3 


0.2674 


1.5383 


1.8057 


150 77 


1069.2 


8 0 


9. U 


1^^ 28 


U . U 1 itOD 




1 en 00 
1 Ob . J J 


fttts 0 
Voo . * 


1 1 41 A 

1 141 . 4 




1 ROA9 


1 7tjftO 

1 . /yoj 


t Rft 1Q 

100 ly 


1 A"A 0 
lOiO.O 


ft A 

9.11 


10 




U.UlUOH 


00. 'tZ 


1 Al 17 

101 . 17 


nco 1 


1 1 49 9 

1 1 4o . 0 


A 0C9S 


1 SA4l 

1 .oU41 


1 . toil} 


1 fti 1 ji 

101 . 14 


1 A70 0 
107 J. J 


1A 

1U 


14 896 


212 00 


0 01672 


26.80 


180.07 


970.3 


1150. 4 


0.3120 


1.4446 


1 . 7566 


810.02 


1077.5 


U 698 


IS 


213. 


0.01672 


26.29 


18.1.11 


969.7 


1150.8 


0.3135 


1.4415 


1.7549 


181.06 


1077 8 


IS 


20 


227.90 


0.016.S3 


20 0.S9 


196.16 


OtiO.l 


1156.3 


0.3356 


1.3962 


1.7319 


196.10 


1C81.9 


20 




oin tiT 


U . U 1 o"J 




*>AQ 1 0 


nso 1 


1 1 (H\ R. 

1 lOU. 0 


n 9^99 


1 .ooUo 


1 "1 'iO 

1 . t l«vJ 


JUo.o4 


1 AOR 1 

1050. 1 


9C 




JoU.oo 


A A 1 "A 1 


19 7JA 
lo . #•10 


^lo.oJ 


n <R 9 


1 1 ft 4 1 

1 Uh. I 


0.3680 


1 991 9 


1 rruiQ 
1 . v\rM 


0 1 Q 79 
Jlo. M 


1 A07 0 

109/ .0 


<9A 

oU 


3S 


259.28 


0.01708 


11. 808 


227.91 


939.2 


1167.1 


0.3S07 


1 .3063 


1.6870 


227.80 


1090.1 


35 


40 


267.25 


0.01715 


10.49S 


236.03 


933.7 


1169.7 


0.3010 


1.2844 


1.6763 


235.90 


1092.0 


40 


4S 


274.44 


0.01721 


9.401 


213.36 


028.6 


1172.0 


0.4010 


1.2650 


1.6669 


243.22 


1003.7 


4S 


cn 
du 


2$1 .01 


0 01727 




OSA AO 


AO < A 

yj4 .u 


I 1 "4 1 

I I «4. 1 


0.41 10 


1 . 2474 


1 .DDOi) 


J4U .U<5 


1 AOC 9 




ad 


117 
.Vi 


A AIT90 


7 7C7 


ocn 9A 
JoO . JU 


Uiy .0 


1 1 "R n 
1 1 1 0 . 9 


A .4 1 A9 


1 09l A 

1 .Jolt) 


t RTJMl 

1 . ooirJ 


OSA 1 0 

Joo . 1 J 


1 AO£ 7 

1UjJ0.7 


ad 


60 


292.71 


0 01738 


7.175 


262.00 


915.5 


1177.6 


- 0.4270 


1 .2168 


1 .6438 


261.90 


1007.9 


60 


65 


207 07 


0.01743 


G.655 


267.50 


911.0 


1179.1 


0.4342 


1.2032 


1 6374 


267.29 


1009.1 


6S 


70 


302.92 


0.01748 


6.206 


272.61 


907.9 


1180.6 


0.4409 


1 . 1906 


1.6315 


272.38 


1100.2 


70 


id 


9/tT cn 


0. 01753 


o.olo 


277 . 43 


AA 1 Z. 

yu4 . 0 


1 ISI .9 


A A 47'1 
\) 44 /J 


1 . 1787 


1 .ojoy 


277. 19 


1 101 .2 


7C 

id 




*J t O A9 


0.01757 


0.47 J 


2S2 . 02 


901 . 1 


1183.1 


0.4531 


1 . 1676 


I . 0207 


001 7£ 

Jol .76 


1 102. 1 


QA 

oU 


85 


3iC 25 


0.01761 


5. 168 


286.39 


897.8 


1184.2 


0.4587 


I. 1571 


1 .6158 


286.11 


1102. 9 


8S 


90 


320.27 


0.01766 


4.806 


290^56 


894.7 


1185.3 


0.4641 


1.1471 


1.6112 


290 27 


1103.7 


90 


95 


324.12 


0.01770 


4.t*>52 


294.56 


801.7 


1186.2 


0.4692 


1.1376 


1.6068 


294.25 


1104.5 


95 


iCu 


327.81 


0 01774 


i f 90 


J9S . 4U 


CCQ 0 


110" 0 

1 \cn 


A 17 4A 
U . 4 MU 


1 1 0Cft 


1 RMR 


OAO no 


1 lAft 0 

UOo. J 


1 AA 
1U0 


110 


99 i *r7 


l\ A1 TOO 


4 . U4y 


oUo . 00 


QC9 0 


1 tec n 


A .4C90 

U . 4oo J 


1 1117 
1 . 11 U 


1 en 40 
1 . oy4o 


9AJt OA 

oUo. JO 


1 1AA ft 


11A 

11U 


120 


3tl.25 


0 01789 


3.728 


312.44 


877.9 


1100.4 


0.4016 


1 .0962 


1 .5878 


312.05 


1107.6 


120 


130 


317.32 


0 01706 


3.455 


31S.81 


872.9 


1191.7 


0.4095 


1.0817 


1.5812 


318.38 


1108.6 


130 


140 


353.02 


0 01S02 


3.220 ' 


324.82 


S6S.2 


1193 0 


0.5060 


1.0682 


1.5751 


324.35 


1109.6 


140 


190 




O.UloUJ 


9 Al 


99 A SI 

oiU.ol 


Cil9 ft 


1 y(\A 1 
I iy4 . 1 


A Rl 9Q 


1 .11000 


1 RAn 1 
1 . ooy i 


330.01 


1 1 1A ft 

1 1 10.0 


1CA 

lau 


lull 


3G3.53 


0.01815 


J.cj4 


9*».1 09 


v.*n »> 

OuU . £ 


1 iflK 1 


A I^OA 4 


1 Ai'lA 


1 . 004U 


99 c 90 
ddO.OJ 


1111 0 

1 n 1 . J 


IfiA 


170 


368 41 


0.0IS22 


2 675 


311 .09 


85 1 . 9 


1190.0 


0 52»)6 


1 . 0324 


1 .5500 


340.52 


nil .9 


170 


180 


373.00 


0.01S27 


2.532 . 


346.03 


850.8 


1106.0 


0.5325 


1.0217 


1.5542 


345.42 


1112 5 


180 


199 


377.51 


0.01.S.i3 


2.404 


350.79 


846.8 • 


1197.6 


0 5381 


1.0116 


1.5407 


350.15 


1113.1 


190 


£l}|| 


901 7Q 


U.l/JcKiy 




'tW 9i* 
.V.)0 . 0't 


tQ A 


ttOQ 4 

1 J yo . 4 


U . 04 10 


1 AAl Q 

1 .Uillo 


1 . Ol.)u 


«504 . Oo 


1119 7 

1 1 lo . / 


9AA 


OCA 


400.95 


0.01865 


1 c rio 
1 . o4o? 


9'^r AA 


oS J.i . 1 


1201 . 1 


U . oO i 0 


0 . 05SS 


1 r.«ii*9 


97R 1 A 
0/0. 14 


t 1 1 ft 0 

1 1 lo.o 


OCA 


3C0 


417.33 


0.01S90 


1 .5433 


393.84 


SlX» 0 


1202.8 


0.5870 


0 9225 


1 .5104 


392 . 79 


1117.1 


300 


353 


431.72 


0 01913 




400.60 


791.2 


1203.9 


0.60.56 


0 8010 


1.1066 


408.45 


1118.0 


350 


400 


444.50 


0.0!'.'3 


1.1613 


124.0 


7S0.5 


1204.5 


0.0214 


0.8630 


1.4844 


422.6 


1118.5 


430 


450 


456 2S 


0.0105 




437.2 


fin .4 


1201 .0 


A ft9:t/' 




t 4 "'1 4 


4oO . 0 


1 1 1 0 7 
1 1 In. / 


4011 




4ti7 .Ul 


0.0197 




440 . 4 


75!l A 


1 OA i A 


A 1*. 4C7 


A 0 1 ,!7 


1 1i*9 4 


447 ft 
44 / . 0 


I 1 1 0 i> 

I I In .0 


CAA 


550 


476.94 


O.OllM) 


0.8424 


4t>0 S 


743 1 


1203.9 


0.6608 


0 . 7034 


1 . 4542 


45S.8 


1118. 2 


550 


6Q0 


486.21 


0 0201 


0.760S 


471 6 


731.6 


1203.2 


0.6720 


0.7734 


1.4454 


460.4 


1117.7 


GOD 


650 


494 . 00 


0 i)m 


0 70S3 


4S1.8 


720.5 


1202.3 


0.6S26 


0.754S 


1.1374 . 


479.4 


1117.1 


650 


OOA 


.J'J. * . I U 


fx f«'JA!i 


A ^ t 


4.1 1 .a 


7/\n 7 


1 OA 1 0 




A 79** 1 


1 1 Ofil*, 

J .4-"0 


4CQ Q 

403 . 0 


111/^ 9 
1 1 10 0 


7AA 


7cn 
|9U 




U.U..U1 


A i*;nno 

u.oujj 


5{K) S 




I'XVI A 


A 7/110 


A 70A 4 


' 1»)09 


^OQ A 
0. 0 .0 


111ft 4 
1 1 I0.4 


7CA 

fail 


800 


518.23 


0.0209 


0 5r».S7 


500.7 


6S8 \> 


nns.fi 


0 7108 


0.7045 


1.4153 


506.6 


1114.4 


800 


86C 


525 26 


0.0210 


0 5327 


51.S.3 


♦i7.S.8 


1)07.1 


0.7104 


0 6S01 


1 4085 


515.0 


1113 3 


850 


900 


531.08 


0.0212 


0.5<X"'6 


526.6 




1105 4 


0.7275 


0.6744 


1.4020 


523 1 


1112.1 


900 


950 


538 43 


0.0214 


0.4717 


534.6 


6.V.V1 


1103.7 


0 7355 


0.6602 


1.3957 


530.9 


1110 8 


950 


1000 


514.61 


0 0216 


0.1456 


542.4 


619.4 


1101.8 


0 7130 


0 6167 


1.3807 


538.4 


1109.4 


1000 


1100 


55fi.31 


n (020 


0 4001 


557.4 


630.4 


!1.S7.S 


0 7575 


(\ n2f)o 


I.37.vr 


552.9 


1106 4 


noo 


1CC0 


OCT. 22 


0 G2.\J 


0 31.19 


571 7 


611.7 


11S3 4 


0 7711 


0 5951J 


1.3067 


566 7 


1103.0 


1200 


1300 


577.46 


0 0227 


0 3203 


5S5 4 


503 2 


117S.6 


0 7S40 


0 5710 


1.3550 


580 0 


i01i9.4 


1300 


i-ioo 


5S7 10 


0 nL'31 


0 3012 


50S.7 


574.7 


1173.4 


0 7063 


0 5101 


1.3454 


502.7 


1005 4 


1400 


1500 


51Mj 


0 0235 


0.2765 


611 0 


556.3 


1167.9 


0.08S2 


0 5260 


l.:^35i 


605.1 


■lOlU 2 


1500 


20Q0 


635.82 


0 0257 


0 1S78 


671.7 


'jar 4 


1135.1 


0 S619 


0 42:{t) 


I.2S4!> 


6fi2 2 


Ulti5 6 


2000 


25C0 


tif.<?.13 


0 C'JS7 


n l::'.07 


730 6 


3m. 5 


iMUi.l 


0 0126 


0.3107 


1 2322 


717 3 


1030. li 


25C0 


2000 


6'»5 36 


0.0;i4^3 


0 US5S 


W2.5 


217 8 


10?0 3 


0.073! 


0 ISSo 


1.1615 


783 4 


072 7 


SlOO 


32C6.2 


705.40 


0 O 'jO i 


e orm 


002 7 


0 


Of/2.7 


1 .om 


0 


1 J)58(» 


.s72 . 9 


S72.0 


2^CS 
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.From STEAM TABLES by Keenan, 
Keyes, Hill and Moore, published 
1969 by John Wiley and Sons, Inc. 



TEMPERATURE CONVERSIONS 



Albert Sativeiir type of lablr. I.onk up rca«!inii in miildlo culiimn: if in ilogrccs Centigrade, read 
Fahrenlit'it rqui\alcnt in liand ctiltiiiin: if in dt'iIrtv^ Kultrmlu it. road Cvnli<£radc cqiiivalt^nt in 
Wft hand coliimm 



c 


459.4 to 25 


F 


—273 


—469.4 




— 2rt8 


—450 




—262 


—440 




—257 


—430 




—251 


—420 




—2-10 


—410 




-210 


—400 




—234 


—390 




— 22?> 


—380 




—223 


—370 




—218 


—360 




—212 


-350 




-207 


—340 




—201 


—330 




—196 


—320 




-190 


-310 




-184 


—300 




-170 


—290 




-173 


-280 




- HiO 


—273 


—450 . 4 


— Ifi8 


—270 


—454 


— I(i2 


—260 


—4315 


—157 


-2.50 


—418 


—151 


—240 


—400 


—lie 


—230 


—382 


—140 


—220 


-364 


- 134 


—210 


—340 


--12!l 


—200 


—328 


-123 


—190 


—310 


—118 


—180 


—292 


-112 


—170 


—274 


•-107 


-160 


—256 


-101 


-150 


— 23S 


— Mi 


—140 


—220 


— iH) 


—130 


—202 


— 84 


—120 


-184 


— 79 


—110 


— Ifi6 


- 73 


—100 


-148 


- riS 


— 90 


— 130 


— ti2 


— 80 


—112 


- 57 


- 70 


— 94 


— 51 


— 60 


— 76 


— Iff. 


— 50 


— 58 


— 40 


— 40 


— 40 


— 4 


— 30 


— 22 


— 2t) 


— 20 


^ 4 


— 23 


— 10 




— 17.8 


0 


32 


— 17.2 


1 


33 8 


16.7 


2 


3> .0 


— 16 1 


3 


37.4 


- 15. (i 


4 


30 2 


— 15.0 


5 


41.0 


— 14.4 


6 


42.8 


13 9 


f 


44 .0 


— 13 3 


8 


ACt 4 


— 12 8 


9 


48.2 


— 12 2 


10 


50.0 


11 7 


It 


51 8 


- 11 1 


12 


53. G 


— 10 .6 


13 


55.4 


— 10.0 


14 


57.2 


— 0.4 


15 


uO.O 


- 8.0 


16 


60.8 


- 83 


17 


62.6 


- 7.8 


18 


64.4 


- 7.2 


19 


66 2 


- 5 7 


20 


08 0 


— 6 1 


21 


(iO 8 


- 5.6 


22 


71.6 


— 5.0 


23 


73 4 


— I.t 


24 


75 2 


- 3.9 


25 


77.0 



— ■ - ■' 


26 to 09 


— ■ - ■' 


C 




F 


—3 .3 


26 


78 8 


—2.8 


27 


SO 0 


—2 . 2 


28 


82 .4 


— 1 .7 


29 


84 .2 


—11 


30 


86 0 


— 0.0 


31 


87 . 8 


0 .0 




80 . 6 


0.0 


33 


01 .4 


1 . 1 


34 


93. 2 


1.7 


35 


05.0 


2 .2 


36 


06 8 


2.8 


37 


MS (5 


3 .3 


38 


UK» 4 


3 .0 


39 


102 2 


4.4 


40 


104 0 


5 0 


41 


105 8 


5 6 


42 


107 6 


6.1 


43 


100 4 


6 .7 


44 


111.2 


7.2 


45 


113.0 


7 .8 


46 


114 .8 


8.3 


47 


116 6 


8 0 


48 


118 4 


0 4 


49 


120.2 


10.0 


50 


122.0 


10. G 


51 


123 8 


11.1 


52 


125 .6 


11 7 


53 


127 4 


12 2 


54 


120 2 


12. S 


55 


131.0 


13 3 


56 


132 .8 


13.9 


57 


134 6 


n.4 


58 


13G.4 


15.0 


59 


13S.2 


15 6 


60 


140.0 


16. 1 


61 


141 .8 


16.7 


62 


143 6 


17 .2 


63 


145 1 


17 .8 


64 


147 2 


18.3 


65 


140.0 


18. 


66 


150.8 


10 4 


67 


152 6 


20 .0 


68 


151 4 


20 .6 


69 


156.2 


21 .1 


70 


158.0 


21.7 


71 


150 8 


22 .2 


72 


161 6 


22 S 


73 


lti3 4 


23 3 


74 


16o 2 


23 . 0 


75 


107 .0 


24 4 


76 


168 8 


25 .0 


77 


170 6 


25 '. 6 


78 


172 4 


26 " 1 


79 


174 2 


26.7 


80 


176.0 


27 .3- 


81 


177.8 


27 8 


82 


170 6 


28 .3 


fti 

OJ 


181 .4 


23.9 


84 


IH3 2 


20.4 


85 


1S5 0 


30.0 


86 


196.8 


m 6 


87 


6 


31 1 


88 


\Ui 4 


31.7 


89 


102 2 


32 2 


90 


10 1 0 


32 8 


91 


105.8 


33 3 


92 


107 6 


33 0 


93 


100.4 


311 


34 


201.2 


35.0 


95 


203 0 


35 0 


96 


204 8 


36 1 


97 


205 6 


36, 7 


98 


2U8.4 


37.2 


99 


210.2 



100 to 820 - 



SCO to 1540 

C F 



— 1,>V) to 2260 

C F 



— 2270 to 3000 — 
C F 



38 


100 


212 


43 


110 


230 


40 


120 


248 


54 


130 




60 


140 


284 


66 


150 


302 


71 


160 


320 


77 


170 


338 


82 


180 


350 


8S 




374 


93 


200 


302 


00 


210 


410 


1(H) 


212 


413 0 


104 


220 


42S 


1 10 


230 


446 


116 


240 


464 


121 


250 


482 


127 


260 


.'lOO 


13'* 


270 


•M A 
OlO 




260 


t)on 


143 


290 


554 


140 


300 


572 


1.j4 


310 


r.oo 


160 


320 


f;i)S 


166 


330 


626 


171 
111 


340 


ft 1 1 


1 1 ( 


350 


(i62 


1 CO 


360 


(*i8( ) 


188 


370 


(j08 


1!»3 


380 


71G 


199 


390 


734 


204 


400 


752 


210 


410 


770 


216 


420 


788 


221 


430 


806 


227 


440 


824 


232 


450 


842 


2.)S 


460 


861) 


243 


470 


878 


'.>40 


480 


81)0 


2 V4 


Atxn 

49U 


•>i-i 


2tiO 


500 


032 


266 


510 


0.'>0 


271 


520 


068 


277 


530 


086 


2^2 


540 


1(X)4 


2SS 


550 


1022 


203 


560 


1040 


200 


570 


lO.'iS 


3()4 


580 


1076 


310 


590 


10U4 


316 


600 


1112 


321 


610 


1)30 


327 


620 


1148 


332 


630 


1166 


338 


640 


1 184 


343 


650 


1202 


340 


660 


1220 


35 1 


670 


123S 


3rr0 


680 


1256 


3u6 


690 


1274 




700 


1292 


3rr 


710 


131u 


3S2 


720 


1328 


3Sd 


730 


1346 


303 


740 


1364 


300 


750 


1382 


4ri4 


760 


1400 


410 


770 


1418 


416 


760 


143<; 


401 


790 


1454 


427 


800 


1472 


432 


810 


MOO 


438 


820 


1508 



443 


830 


1 526 


843 


1550 


2S22 


440 


840 


1544 


840 


1560 


2S40 


4.'i4 


850 


1562 


851 


1570 


2858 


4(iO 


860 


1580 


860 


1580 


2S7f> 


4(«6 


870 


1508 


866 


1590 


280 1 


471 


880 


1616 


871 


1600 


2012 


177 


890 


1634 


877 


1610 


2030 


4f^2 


900 


16'i2 


8.S2 


ie20 


2<)48 


488 


910 


l(i70 




1630 




403 


920 


l(>b8 




1640 


2o84 


too. 


930 


1706 


8f*0 


1650 


3002 


504 


940 


1724 


001 


1660 


3020 


510 


950 


1742 


010 


1670 


3(»3S 


516 


960 


1760 


Olli 


1 C80 


3( ).'»(> 


52 1 


970 


1778 


')21 


1690 


30 1 4 


527 


980 


1706 


927 


1700 


3002 


532 


990 


1814 


032 


1710 


3110 


."*38 


1000 


1832 


038 


1720 


312S 


5 13 


1010 


1 85< ) 


<)43 


1730 


•J 1 ,| 


540 


1020 


1868 


040 


1 740 




.V-,4 


1030 


1886 


054 


1750 


3182 


560 


1040 


10(.»l 


060 


1760 


32IHI 


:j6tJ 


1050 


1022 


06r. 


1770 


32 IS 


571 


1060 


1040 


Oi 1 


1 7S0 


32.36 


.11 1 


1 070 


lO.iS ' 


077 


1 1 TfU 




5.S2 


1080 


1076 


082 


1800 


3272 


5S.S 


1090 


11)04 


0.s<^ 


1810 


3200 


5!!3 


1100 


2012 


003 


1820 


3308 


tV.)') 


1110 


203(1 




1 830 


332it 


((0 1 


1120 


20*48 




1 840 


3344 


610 


1130 


2(J66 


1010 


1850 


3362 


616 


1140 


2081 


1016 


1860 


3oS<» 


621 


1150 


2102 


I'l-.'l 


1370 


330vS 


627 


1160 


212i) 


1027 


1 880 


3 n 6 


632 


1170 


213.S 


1 03'i 


1 8S0 


O'i •! i 


638 


1180 


2 1 56 


1038 


1900 


34.Vi 


643 


1190 


2i74 


10 13 


1910 


3470 


6 i'.i 


1200 


2102 


10 »i) 


1920 


3488 


65 1 


1210 


2 J 10 


1(>."4 


1930 


3"i06 


660 


1220 


2228 


lOiiO 


1940 


3524 




1230 


2246 


10i»6 


1950 


35 J 2 


671 


1240 


22'*t4 


lo71 


1960 


3.*»r,ii 


677 


1250 


22S2 


11)77 


1970 


357S 


682 


1260 


2300 


10.S2 


19C0 


3.V.))i 


6SS 


1270 


2318 


lOS'S 


1S90 


3614 


603 


1280 


2330 


1()'.<3 


2G00 


3li32 


600 


1290 


2354 


i*ni:» 


aolo 


36."0 


704 


13G0 


2372 


1104 


2020 


36r,S 


710 


1310 


2300 


■ 11 to 


1030 


3r%S6 


71(; 


1320 


2408 


1116 


2040 


3701 


721 


1330 


2426 


1121 


2050 


3722 


727 


1340 


2444 


U27 


2060 


37 ;o 


732 


1350 


2162 


1132 


2070 


37.-i8 


738 


1360 


24 W) 


ll^'.S 


20C0 


3776 


ftiy 


1370 


2403 


in3 


2090 


3704 


740 


1380 


2516 


114!) 


2100 


3812 


754 


1300 


2534 


1 154 


2110 


3830 


7*;o 


1400 


25'i2 


1160 


2120 


3848 


766 


1410 


2570 


1166 


2130 


3S66 


771 


1420 


2.-.S8 


1171 


2140 


3SSI 



777 


1430 


2606 


1177 


2150 


3<i02 


782 


1440 


2r,2 1 


11N2 


21C0 


3020 




1450 


26 12 


11?S 


2170 


3>.«3S 


703 


1460 


26riO 


l];-3 


2138 


3K.16 


700 


1470 


257^ 


1 100 


2190 


3074 



8(M 


14G0 


2ri06 


I2i)4 


2200 


3002 


SIO 


1490 


27M 


1210 


2210 


4010 


S16 


1500 


2732 


1216 


2220 


4028 


821 


1510 


27:)0 


1221 


2230 


4040 


827 


1520 


2768 


1227 


2240 


4064 


832 


1530 


27S6 


1232 


22S0 


40.^2 


8.38 


1540 


2801 


123S 


2260 


4100 



1243 


997n 
f U 


1 1 1 1 
'till 


1249 


2280 


4131 


1254 


2290 


415- 


1260 


2300 


417; 


1260 


2310 


411H 


1271 


2320 


420 


1277 


2330 


422' 


12S2 


2340 


424 


12^S 


2350 


42*» 


1203 


2360 


428 


1200 


2370 


420 


130} 


2380 


431 


1310 


23S0 


43'< 


l3l(i 


2400 


435 


1321 


2410 


437 


1327 


2420 


438 


1332 


2430 


440 


i33S 


2440 


4 42 


1313 


2450 


441 


1340 


2460 


44(> 


1351 


2470 


417 


1360 


2480 


tt'.' 


1.366 


2490 


4.M 


1371 


2500 




1377 


2510 


45c 


1382 


2520 


4.}i' 


13S8 


2530 


45i 


1303 


2540 


4tJf 


1300 


2550 


4'i; 


1401 


2560 


461 


1410 


2570 


4f.; 


1416 


2580 


46*1 


1421 


2599 


40'. 


1427 


2600 


47: 


1432 


2610 


47: 


1438 


2620 


47 


1443 


2630 


47c 


14 to 


2640 


47: 


1454 


2G50 


4&t 


1460 


;>650 


•t.s: 


1466 


2670 


^? 


1471 


26GO 


48- 


1477 


2690 


47* 


14K2 


2700 




1488 


2710 


40 


1403 


2720 


40 


1 ir»'.) 


2730 


49 


l.Vlt 


2740 


49 


1510 


2750 


40 


1516 


- 2760 


50 


1.521 


2770 


50 


1527 


2780 


50 


1532 


2790 


50 


l.-,3S 


2800 


50 


1513 • 


2810 


;iO 


l.'itO 


2h20 


52 . 


irio4 


2830 


51 


iot;o 


2340 


5] 


15<>6 


Zt50 


51 


1571 


2860 


51 


l.">77 


2870 


.}! 


15S2 


28«l0 


52 


1588 


2890 


52 


1503 


2300 


52 


1500 


2910 


52 


1664 


2920 




1610 


2930 




1616 


2940 


'hi 


1621 


2950 


5** 


1627 


2980 


5:: 


1632 


2970 


55 


163S 


2980 


3:- 


1643 


2990 


54 


1040 


3000 


54 
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STANDARD PSYCHROMSTRIC CHART 

CU FT OF UIXTURE IH OS! LI OF BRY U* 




lllUllEiBa 



vmHT OF yfktER VAPOR m ONE LB OF DRY AIR - CRAtfO 
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Reproduced by permission of the 
publisher, Buffalo Forge Company, 



TABLES AND RULES 
METRIC AND ENGLISH MEASURES (continued) 



MEASURES OF SURFACE 



1 



I square meter rr 10.764 fiquare feet 

.0929 square metf r = 1 square foot 

square centimeter . . . = .155 square inch 
6.452 square centimeters .. = 1 squaie inch 
1 square niillimctfr ... = .00155 square inch 
645.2 square millinietr rs . . . = 1 square inch 



MEASURES OF WEIGHT 



Metric 
28.35 grams . . 
I kilogram 
.4536 kilogram 



1 

1000 



metric ton 
kilograms 



1016 kilograms 
1.016 metric tons 



1:= 



English 
1 ounce avoirdupois 
2f.2046 pounds 
1 pound 

.9842 ton of 2240 pounds or 
19.68 cwts, or 
2204.6 lb 

1 ton of 2240 pounds 



MEASURES OF CAPACITY 



liter = 1 cubic 
decimeter 



28.317 liters 

4.543 liters 
3.785 liters 



'61.023 cubic inches 
.0353 cubic foot 
.2202 gallon (Imperial) 
2.202 pounds of water at 
^ degrees Fahr. 

cubic foot (6^ 
Imperial gallons) 

gallon (Imperial) 

gallon (American) 



MISCELLANEOUS 



Metric 



gram per <«quare 
millimeter 



1 



1 



kilogram per 
square millimeter 



kilogram per 
square centimeter 

1.0335 kilogram per 

square centimeter 
1 atmosphere 

0.070308 kilogram per 

square centimeter 



1= 



English 

1.422f Pounds per 
square inch 

1422.32 Pounds per 
square inch 

14.233 Pounds per 
square inch 



14.7 



Pounds per 
square inch 

Pound per 
square inch 



MEASURES OF PRESSURE AND WEIGHT 



1 lb. per square inch 



1 Atmosphere (14.7 
lbs per sq in ) . . . 



1 Foot of Water at 62 
degrees Fahr. 



1 Inch of Mercury at 62 
degrees Fahr. ........ 



144 lb per square foot 
2.0355 inches of mercury 
at 32 degrees Fahr. 
Z0416 inches of mercury 

at 62 degrees Fahr. 
2.309 ft of \sater at 62 

degrees Fahr. 
27.71 incites of water at 
62 degrees Fahr. 

'2116.3 lb per square foot 
33.947 ft of wat?r at 62 

degrees Fahr. 
30 inches of mercury 

a 62 degrees Fahr. 
29.929 inches of meicury 

at 32 degrees Fahr. 
760 millimeters of mercury 
at 32 degrees Fahr. 

.433 Ih p«r square inch 
62.355 lb per square foot 

.491 lb or 7.86 oz per sq in. 
1.132 ft of water at 62 

degrees Fahr. 
13.58 inches of water at 
62 degrees Fahr. 



WEIGHT OF ONE CUBIC FOOT OF PURE WATER 

At 32 deg. Fahr. (freezing point).' 62.418 Hi 

At 39.1 deg. Fahr. (maximum density) 62.425 lb 

At 62 deg. Fahr. (stil. temperature) 62.355 Ih 

^"2 deg Fahr* (boiling point under 1 atmosphere) ...59.75 lb 

ERIC 



TEMPERATURE 

The following equation will be found convenient for transforming 
temperature from one system to another: 

Let F = degrees Farenheit; C = degrees Centigrade; 
R zz degrees Reamur. 



F-32 
180 



C 

100 



80 



GENERAL DATA 

1 Calorie = 3.968 Btu 

1 Btu = 0.252 Calorie 

1 lb per sq in.* = 703.08 kilograms 

per m* 

1 Kilogram per m* = .00142 lb per sq in. 

1 Calorie per m*.. = J687 Btu per sq ft 

1 Btu per sq ft = 2.712 calories per m* 

1 Calorie per m* per de. ) f " 
«ree difference fen.. \={ Sf^.JSJrF.h, 

1 Btu per sq ft per If 4.882 Calories per m* 

degree difference i ^ i P^' degree 

Fahr. i \ difference Cent. 

1 Btu per lb = .556 Calorie por kilog. 

1 Calorie per kilcg = 1.8 Btu pei lb 

Water expands in bulk from 
40 degrees to 212 degrees rr Doe twenty-third 

A cubic inch of water evaporated under ordinary atmospheric pret* 
sure is converted into 1 cubic foot of steam (approximately) 
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CIRCUMFERENCES AND AREAS OF CIRCLES 



s 

I? 



I 

i 
I 



'A 



74 

,i 

I 

I/. 

i 



I 

ERIC 



Cifcum. ArM 




Circum. Am 


.09816 


•00077 


9 . 


26.274 


63.6t7 


• 19635 


.00307 




26.667 


65.397 


•39270 


iOI227 




29.060 


67.201 


•56905 


•02761 


f} 


29.452 


69.029 


•76540 


•04909 




29.645 


70.662 


•96175 


•07670 


(' 


30.236 


72.760 


I.I76I 


•1 1045 


b 


30.631 


74.662 


l!3744 


•15033 




31.023 


76.589 


I.570S 


• 19635 


10 


31.416 


7$',540 


1.7c7t 


.24850 




31.609 


60.516 


l«9635 


.30660 




32.201 


52.516 


2.1 596 


•37122 


?> 


32.594 


64^54J 


2.3562 


.44179 


0 


32.967 


66.590 


2.5525 


.51649 


»{i 


33.379 


66.664 


2.7469 


.60132 


\* 
• K* 


33.772 


90.763 


2.9452 


.69029 


34.165 


92.666 


3.1416 


.7654 


11 


34.556 


95.033 


3.5343 


.9940 


Yf 


34.950 


97.205 


3*9270 


1.2272 • 


V* 


35.343 


99L402 


4.3197 


1.4649 


?> 
Y) 


35.736 


101.62 


4.7124 


1.7671 


36.126 


103.67 


5j05t 


2.0739 




36.521 


106.14 


$.497$ 


2.4053 


y* 


36.914 


106^43 


5.6905 


2.7612 


Vt 


37.306 


110.75 


6.2632 


'3.1416 


12 


17.699 


113. to 


6.6759 


3.5466 




38.092 


115.47 


7*0666 


3.9761 


'/i 


36.465 


1 17.66 


7!46I3 


4.430 1 




36.677 


1 20.26 


7.6540 


4.9067 


Va 


39.270 


122.72 


6.2467 


5.41 19 


39.663 


125.19 


6!6394 


5!9396 


V* 


40.055 


127.66 


9.0321 


6.49 1 8 


Vh 


40.448 


130.19 


9.4246 


7!o666 


1) 


40.641 


132.73 


9 6175 


7 6699 


1 / 

v» 


41.233 


135.30 


I0.2f0 


6.2956 


'/i 


41.626 


f 37!69 


1 v. 


8.9462 


H 


42.019 


14o!50 


10 996 


9^62 1 1 


Y} 


42.412 


i43J4 


1 1.366 


10.321 


42.604 


145.60 


1 l!76t 


1 1.045 


V* 


41.197 


146.49 


12] 174 


1 1.793 


% 


43.590 


151.20 


12.566 


12.566 


U 


43.962 


153.94 


1 2*959 


13.364 


•'i 


44.375 


156.70 


13.352 


i4!l66 


!4 


44.766 


159.46 


13.744 


15.033 




45.160 


162.30 


I4J37 


1 5.904 


Yi 


45.553 


165.13 


14.530 


16.600 


45.946 


167.99 


14923 


17.721 




46.336 


170.67 




16.665 




46.731 


173.76 


IS 706 


19.635 


IS 


47.124 


176.71 


16.101 


20^629 


'/» 


47.517 


179.67 


16.493 


2L648 


li 
?l 


47.909 


182.65 


16!666 


221691 


46.302 


165.66 


1 7.279 


23.756 


14 


46.695 


166.69 


1 7 671 


24.650 


H 


49.067 


191.75 


1 6.064 


25.967 




49.*460 


i 94.63 


i6!457 


27.109 




49.673 


197.93 


16.650 


26.274 


16 


50.265 


201.06 


19242 


29.465 


Vt 


50.658 


204.22 


19 635 


30.660 
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n 


51.051 


207.39 


20 026 


31.919 


5)1444 


210.60 


20.420 


33.163 




5L636 


2I3!62 


20.613 


34I472 




52.229 


217.06 


21206 


35.'765 




52.622 


220.35 


21 SOfi 


37J22 




51.014 


223.65 


21.991 


33*405 




53.407 


226.96 


22.364 


39.871 




51.600 


23o!33 


22.776 


41.252 


'•4 


54.192 


233.71 


23 169 


42 7IB 




54 565 


217.10 


23!562 


44.179 




54.976 


240.53 


23.955 


45.664 




55.371 


241.98 


24.34; 


47.173 




55.761 


247.45 


24.740 


4<!».;07l 




5n. l5fV 


250.<?5 


25.133 


50.265 




56.549 


254.47 


25.525 


5I.A4^ 


»^ 


56.941 


256.02 


25.916 


53.456 


57.114 


261.59 


26.311 


55.068 




57.727 


265.16 


26.704 


56.745 




58.119 


266.60 


27.096 


56.4Z6 


1! 


56.512 


272.45 


27.469 


60.112 


56.905 


276.12 


27.682 


6I.062* 




59.296 


279.61 



Cifcum. Af— DU Qrenni Ar«i Pi* Qfcwm. AtMi 



'4 
>/• 

•/4 

V4 

'4 
25 
>/« 
V4 
M 

V4 
% 
26 
•4 
•4 



1 



59.690 
60.063 
60.476 
60.666 
61.261 
61.654 
62.046 
62.439 
62.632 
63.225 
63.617 
64.010 
64.403 
64.795 
65.166 
65.561 
65.973 
66.366 
66.759 
67.152 
67.544 
67.937 
66.330 
66.722 
69.115 
69.506 
69.900 
70.293 
70.666 
71.079 
71.471 
71.664 
72.257 
72.649 
73.042 
73.435 
73.627 
74.220 
74.613 
75.006 
75«396 
75^791 
76.164 
76.576 
76.969 
77.362 
77.754 
78.147 
76.540 
76.933 
79.325 
79.716 
60.111 
60.503 
60.696 
61.269 
61.661 
62.074 
62.467 
82.660 
83.252 
63.645 
84.036 
64.430 
64.623 
85.216 
85.606 
66.001 
66.394 
66.766 
87.179 
67.572 
67.?A5 
88.157 
86.750 
89.143 
6^535 
89.926 
90.321 
90.713 



263.53 
267.27 
291.04 
294.63 
296.65 
302.49 
306.35 
310.24 
314.16 
316.10 
322.06 
326.05 
310.06 
334.10 
336.16 
342.25 
346.36 
350.50 
354.66 
356 64 
363.05 
167.26 
371.54 
375 61 
160.13 
164.46 
166.62 
193.20 
197.61 
402.04 
406.49 
410.97 
415.46 
420.00 
424.56 
429.11 
433.74 
436.36 
443.01 
447.69 
452.39 
457.11 
461.66 
466.64 
471.44 
476.26 
461.11 
465.96 
490.67 
495.79 
500.74 
505.71 
510.71 
515.72 
520.77 
525.64 
530.93 
536.05 
541.19 

546.35 
551.55 
556.76 
562.00 
567.27 
572.56 
577.67 
561.21 
566.57 
591.96 
599.17 
fr.i 

611)27; 

6:5. ;5{ 

62l.?6 
676.80 
6.^2.36 
617.94 
641.55 
649.16 
654.64 
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'0. 
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V4 
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91.106 
91.499 
91 692 
92.264 
92.677 
91.070 
91.462 
93.655 
94.246 
94.640 
95.011 
95.426 
95.619 
96.211 
96.604 
96.997 
97.169 
97.762 
96.175 
96.567 
96.960 
99.353 
99.746 
100.136 
100.511 
100.924 
101.116 
101.709 
102.102 
102.494 
102.867 
101.260 
103.671 
104.065 
104.456 
104.651 
105.243 
105.636 
106.029 
106.421 
106.614 
107.207 
107.600 
107.992 
106.365 
106.776 
109.170 
109.563 
109.956 
110.146 
110.741 
111.114 
111.527 
111.919 
112.112 
112.705 
111097 
tl1.4<90 
111.661 
114.275 
114.666 
115.061 
115.454 
115.646 
116.239 
116.632 
117.024 
117.417 
117.610 
118.202 
I18.5r<^ 
i;i.<>t36 
llO.lf^l 
11^77^ 
120.166 
120 559 
120 951 
121.144 
121.717 
122.129 



660.52 
666.21 
671.96 
677.71 
661.49 
669:30 
695.13 
700.96 
706.66 
712.76 
716.69 
724.64 
730.67 
736.62 
742.64 
746.69 
754.77 
760.67 
766.99 
773.14 
779.31 
765.51 
791.73 
797.98 
604.25 
610.54 
616.66 
623.21 
629.56 
635.97 
642.39 
646.63 
655.30 
661.79 
666.31 
674.65 
661.41 
666.0r» 
694.62 
901.26 
907.92 
914.61 
921.32 
926.06 
914.62 
941.61 
946.42 
955.25 
962.11 
969.00 
975.91 
962.64 
969.60 
99676 
1C03.6 
1010.6 
•017.9 
10250 
1012.1 
1039.2 
1046.3 
1053.5 
1060.7 
1066.0 
1075.2 
1062.5 
10<^9.d: 
1097.1 
1104.5 
11116* 
l!»'i.? 
li;o.7 

- in4.i 

1149.1 
M56.6 
1164.2 
11/1 7 
1179 1 
1106.9 
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122.522 

122.915 

123.306 

123.700 

124.093 

124.466 

124.676 

125.271 

125.664 

126.056 

126.449 

126.642 

127.235 

127.627 

126.020 

126.413 

126.605 

129.196 

129.591 

129.983 

130.376 

130.769 

131.161 

131.554 

131.947 

132.340 

132.732 

133.125 

133.516 

133.910 

134.303 

134.696 

135.066 

135^461 

135.674 

136.267 

136.659 

137.052 

137 445 

137.617 

136.730 

136.621 

139.015 

139.406 

139.601 

140.194 

140.566 

140.979 

141.172 

141.764 

142.157 

142.550 

142.942 

141.315 

143.726 

144.121 

144.511 

144.906 

145.299 

145.691 

146.064 

146.477 

146.869 

147.262 

147.655 

146.046 

146.440 

146.631 

149.226 

149.613 

150.0!! 

150 404 

150.796 

15M^0 

151.502 

151.975 

152.167- 

152.760 

151.151 

153.545 



1194^6 

1202^3 
1210^0 
12I7^7 
122S«4 
1233.2 
1241.0 
1246.0 
1256.6 
1264.S 
1272.4 
1280.3 
1266.2 
1296.2 
1304.2 
.1312.2 
1320.3 
1326.3 
1316.4 
1144.5 
1152.7- 
1360.O 
1369.0 
1377.2 
1365.4 
1393.7 
1407.0 
1410.3 
1416.6 
1427.0 
1435.4 
1443.6 
1452.2 
1460.7 
1469.1 
1477.6 
1466.2 
1494.7 
1503.3 
15M.9 
1520.5 
1529.2 
1537.9 
1546.6 
1555.3 
1564.0 
1572.6 
1561.6 
1590.4 
1599.3 
1606.2 
1617.0 
1626.0 
1614.9 
1641.9 
1652.9 
1661.9 
1670.9 
1660.0 
1669.1 
1696.2 
1707.4 
1716.5 
1725.7 
1734.9 
1744.2 
1753.5 
1762.7 
1772.1 
1701.4 

iroao 

IPuO.l 

16)0(1 
162e.5 
161.7 9 
1647.5 

1P,57.0 
16()6 5 
1876.1 
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are in open or closed position; and such valves 
or cocks shall be locked or sealed open« Where 
stopcocks axe used they shall be of a type with 
the plug held in place by a guard o; gland. 

122«1.6(cX5) No outlet connections, except for 
damper regulator, feedwater regulator, drains, 
steam gages, or apparatus of such form as does 
not permit the escape of an appreciable amount of 
steam or water therefrom shall be placed on the 
pipes connecting a water column or gage glass to 
a boiler. 

122.1.6(d) Gage Glass Connections 

122.1.6(dXl) Gage glasses and gage cocks that 
are required by Parse. 122.1.6(b) and 122.1.6(e) 
and are not connected directly to a shell or dr. r 
of the boiler, shall be connected by one of the fol- 
lowing methods: 

122.1.6(d)(l.l) The water-gage glass or glasses 
and gage cocks shall be connected to an interven* 
ing water column; or 

122.1.6(d)(1.2) When only water-gage glasses 
are used, they may be mounted away from the shell 
or drum and the water column omitted, provided 
the following requirements are met: 

122.1.6(d)(1.2)(a) The top andbottom gage-glass 
fittings are aligned, supported and secured so as 



to maintain the alignment of the gage pass; 

122.1,6(d)(l,2)(b) The steam and water connec- 
tions are not less than l-in« pipe size and each 
water glass is provided wilh a valved drain; and 

122.1.6(d)(l,2)(c) The steam and water connec- 
tions comply with the requirements of the follow- 
ing Paras. 122.1,6(dX2) and 122,l,6Cd)C3). 

122.1.6(dX2) The lower edge of the steam con- 
nection to a water column or gage glass in the 
boiler shall not be below the highest visible 
water level in the water-gage glass. There shall 
be no sag or offset in the piping whicih will permit 
the accumulation of water. 

122.1.6(d)(3) The upper edge of ^h-i* water con- 
nection to a water column or gage c^^ss: and the 
boiler shall not be above the lowest v:s3rie water 
level in the gage glass. No part of this pipe con- 
nection shall be above the point of connection at 
the water column. 



122.1.6(d)(4) An acceptable arranger^ent 
shown in Fig. 122-1.5(d>;4), 



122.1*6(e) Each boiler (except those not re- 
quiring water level indicators pei Para. 122*L6(bX2) 
shall have three or niore gage cocks located with- 
in the visible leneth o£ the water glass, except 
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Fig. 122.1«6(d)(4} Typlcot Arrangement of Steam and Water 
Connections for a Woter Column 
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when the boiler has two water glasses located on 
the same horizontal lines. 

Boilers not over 36 in. in diameter in which the 
heating surface does not exceed 100 sq ft need 
have but two gage cocks. Electric boilers operat- 
ing at pressures not exceeding 400 psig need not 
be fitted with gage cocks. 

The gage cock connections shall be not less 
than 1/2 in. pipe size. 

122.1.6(f) Water Fronts 

Each boiler fitted with a water*jacketed boiler* 
furnace mouth protector, or similar appliance hav- 
ing valves on the pipes connecting them to the 
boiler shall have these valves locked or sealed 
open. Such valves, when used, shall be of the 
straightway type. 

122.1.6(g) Pressure Gages 

Each boiler shall have a pressure gage so lo- 
cated that it is easily readable. The" pressure 
gage shall be installed so that it shall at all 
times indicate the pressure in the boiler. Each 
steam boiler shall have the pressure gage con- 
nected to the steam space or to the water column 
or its steam connection. A valve or cock shall be 
placed in the gage connection adjacent to the 
gage. An additional valve or cock may be located 
near the boiler providing it is locked or sealed in 
the open position. No other shutoff valves shall 
be located between the gage and the boiler. The 
pipe connection shall be of ample size and ar- 
ranged so that it may be cleared by blowing out. 
For a steam boiler the gage or connection shall 
contain a syphon or equivalent devke which will 
develop and maintain a water seal that wiJl pre- 
vent steam from entering the gage tube. Pressure 
gage connections shall be suitable for {he maxi- 
mum allowable working pressure and temperature 
but if the temperature exceeds 406 F, brass or 
copper pipes or tubing shall not be used. The con- 
nections to the boiler, except the syphon, if used, 
shall not be less than 1/4 in. standard pipe size 
but where steel pipe or tubing is used, they shall 
not be less than 1/2 in. inside diameter. The mini- 
mum size of a syphon, if used, shall be 1/4 in. 
inside diameter. The dial of the pressure gage 
shall be graduated to approximately double the 
pressure at which the scifety valve is set, but in 
no c<;se to less than 1-1/2 tiir^es this prcf.sure. 



122.1.6(h) Each forced flow steam generator 
with no fixed steam and .water line shall be 
equipped with pressure gages or other pressure 
measuring devices located as follows: 

122.1.6(h)(1) At the boiler or superheater outlet 
(following the last section which involves absorp- 
tion of heat) and 

122.1.6(hX2) At the boiler or economizer inlet 
(preceding any section which involves absorption 
of heat) and 

122.1.6(h)(3) Upstream of any shutoff valve 
which may be used between any two sections of 
the heat absorbing surface, 

122.1.6(h)(4) Each boiler shall be provided with 
a valve connection at least 1/4 in. pipe size for 
the exclusive purpose of attaching a test gage 
when the boiler is in service, so that the accuracy 
of the boiler pressure gage can be ascertained. 

122.1.6(1) Each high temperature water boiler 
shall have a temperature ga^ge so located and con- 
nected that it shall be easily readable. The tem- 
perature gage shall be installed so that it at all 
times indicates the temperature in degrees Fahr- 
enheit of the water in the boiler, at or near the 
outlet connection* 

122.1.7 Valves and Fittings 

The minimum pressure and temperature rating 
for all valves and fittings in steam, feedwater, 
blowoff and miscellaneous piping shall be equal 
to the pressure and temperature specified for the 
connected piping on the side that has the higher 
pressure except that in no case shall the pressure 
be less than 100 psig and for pressures not ex- 
ceeding 100 psig in feedwater and blowoff service 
the valves and fittings shall be equal at least to 
the requirements of the ANSI Standards for 125 lb 
or 150 lb. 

122.1.7(a) Steam Stop Valves 

122.1,7(aXl) Each boiler discharge outlet, ex- 
cept safety valve or safety relief valves, or re- 
heater ii:lot and nutlet connection shall be fitted 
with a stop valve located at an accessible point 
in the steam-dolivery line and as near the boiler 
nozzle as is convenient and practicable. When 
such outlets are over 2-in. nominal pipe size, the 
valve or valves used on tiie connection shall be 
of the cni;side».?rrew-ann-voke rising-stem type so 
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COMPLETE LIST OF NFPA CODES, STANDARDS, ETC. 



Numbtr 



Titrt 



Unit 
Y«ar Cost 



2M 
3M 
< 

4A 

6 

7 
8 

9 



10 
lOA 

lOL 

U 

llA 

12 

12A 

13 

13A 

13E 

14 

15 

16 

17 

U 

ia2M 

19 

198 
191 
193 
194 

m 

197 



20 

21 

22 

24 

2S 

26 

•27 

291 

292M 

295 



30 
31 
32 
321 

325A 
32SM 

326 
327 

328 

329 

33 
34 
35 
36 
37 

383 
386 
393 

395 



40 

41L 

42 

43 

46 

45A 

4S8 

47 

48 
431 
432M 

49 
490 
491M 
492 



493 
494L 
495 



OSariei: ADMINISTRATION 

Modil Drafts for Enabling LtSislalion 1967 .50 

Kospilal EmerBdncy Prtparednsss 1970 1.00 

OrgarUjiion for Flra Services 1971 2.75 

Fire Department. Organuation o( a 1969 .75 
l.nduslrlal Fir* Loss Preveniion, Organira- 

tion for 1967 .SO 

Manaitmtnt Control of Fire Emergtnciis 1$67 .50 

Mina|amflnt Responsibility. Effects of Fire 1957 .50 

Training Aeports and ftecords 1970 .50 



10 Series: EXTlNCUISHtNG APPLIANCES 
Installation. Portable Fire Extinguishers 
Maintenance, Use, Portable ?ire Extin- 
guishers 1970 
fModel Enabling Act, Portable Fire Extin- 
guishers 1969 
Foam Extinguishing Systems 1970 
High Expansion Foam 1970 
Carbon Dioxide Extinguishing Systems 1968 
Halon 1301 High Expansion Foam Systems 1971 
Sprinkler Systems, Installation 
Sprinkler Systims. Care, Maintenance 
F.D. Operations in Protected Properties 
Slandpipe and tiose Systems 
Water Spray Fixid Systems 
Foam-Water Sprinkler and Spray Systems 
Dry Chemica! Extinguishing Systems 
Wetting Aunts 

Hazards oFVaporiiing Liquid Agents 
Automotive Fire Apparatus 
Respiratory Prot. Equip, for Fire Fighters 
Portable Pumping Units, P.O. Seruica 
Fire Dept. Ladders, Use, Maint., Testing 
Fire Hose Couplings, Screw Threads, 

Gaskets 1953 
Fire Ksse 1971 
Initial Fire Attack, Training Standard on 1966 
Fire Hose, Care 1969 



20S«ries: EXTINGUISHING AUXILIARIES 

Centrifugal Fire Pumps 1971 

Steam Fire Pumps 1963 

Water Tanhs 1971 

Outside Protection 1970 

Rural Fire Protection. Water Supply System 1969 

Supervision of Valves. Water Supplies 1958 

Private Fire Brigades 1967 

Fife Hydrants, Uniform Maiking 1935 

Water Charges. Private Fire Protecllon 1961 

Forest, Grass and Brush Fire Control 1965 



1970 1.00 
1.00 



.50 
2.00 
.75 
1.50 
1.75 
2.50 
100 
.60 
1 00 
1.25 
1.00 
.75 
.50 
.40 
1.75 
1.00 
.35 
.50 



1969 
1971 
1966 
1971 
1S69 
1968 
1969 
1966 
1965 
1971 
1971 
1959 
1959 



.75 
1.00 

.50 
100 



2.50 
.60 
2.S0 
1.25 
.75 
.40 
.SO 
.25 
.40 
.75 
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30Series: FLAMMABLE IIQU IDS 

Flan;m9ble ind Combustibte Liquids Code 1969 1.00 

Oil Burning Equipment 1963 1.25 

Dry Cleaning Plants 1970 .75 

Basic Classification, Flam. & Combust. 

Liquids 1969 .50 

Flash Points Trade Name Liquids 1968 2.50 

Fire-Hazard Props., Flam. Liquids, Gases 

& Volatile Solids 1969 3.00 

Labeling of Flammable Liquid Containers 1951 .25 

Smalt Tanks and Containers, Cleaning or 

Safeguarding 1970 .50 

Manholes, Sewers, Flam. & Combust. 

Liquids in 1970 .75 

Underground Flam. & Comb. Liquid Tanks, 

Leakage from 1965 .50 

Spray Finishing 19S3 1.25 

Dip Tanks 1971 125 

Organic CoatinB;, iVffg. ot 1971 1.25 

Solvent Extrdclion Plants 1967 .60 

StatioRirry Combustion Engines & Gas Tur- 
bines 1970 .75 

Tank Vehicles, Flam. & Comb. Liquids 1971 1.25 

Portable Shipping Tanks 1970 .50 

Gasoline Blow Torches & Plumbers' Fur- 
naces 1969 .50 

Farms and Isolated Construcllon Proiecis, 

Flam. Liquid Storage at 1965 .40 



40Series: COMBUSTIBLE SOLIDS 

Cellulose Nitrate Motion Picture Film 1967 .60 

Model Rocketry Code 196B ,50 

Pyroxylin Plastics in Factories 1967 .60 

Pyroxylin Plastics In Warehouses. Stores 1967 .40 

Forest Products. Outdoor Storage of 19SI .50 

Outdoor Storage of Wood Chips I3S5 .40 

Outdoor Storage of Logs L971 l.QQ 

lumber Storage Yards. Retail & Wholesale 1961 .50 

Magnesium. Storage. Handling A Processing 1967 .60 

Titanium. Protf., Proces.. Hsnd. & Storage 1961 .60 

2irconium, Prod.. Proces.. Hand. A Storage 1961 .50 

Hazardous Chemicals Data 1971 2.75 

Ammonium Nitrate, Storage of 1970 .75 

Harardous Chemical Reactions. Manual of 1968 3.25 
Separation Distances of Ammonium Nitrate 
and Blasting Agents from Blasting Agents 

or Explosives 1968 .SO 

Intrinsicall)^ Safe Proce» Control Equipment 1969 75 

Fireworks Law. Model State 1964 .40 

EiDlosivcs and Blasting Agents Code 1970 1.2S 

1970" :50 



Number 



Title 



Unit 
Year Cost 



ged Enclosures for Electrical Equipment 
losions. Motor Vehicl«. TerminaK ' 



1971 
1969 



60 Series: EXPLOSIVE OUSTS 
Pulverized Fuel Systems 
Starch Factories 
Grain Elevators. Bulk Handling 
Flour and Feed Mills. Allied Grain Storage 
Elevators 

Sugat & Cocoa. PuWerized, Dust Hazards 
Industrial Plants, Fundamental Principles 
Aluminum Processing and Finishing 
Aluminum Powder Manufacture 
Magnesium Powder or Dust 
Coal Preparation Plants 
Plastics Industry 
Sullur Firis and Explosions 
Spice Grinding Plants 
Confectionery Manufacturing Plants 
Pneumatic Conveying Systems, Feed. Flour. 
Grain 

Woodworking & Wood Flour Manufaciuiiiig 

Plants 
Explosion Venting Guide 
Inerling for Fire & Explosion Prevention 



1971 
1971 
1971 
1969 
1969 
1969 
1971 
1968 
1970 
1970 
1970 
1968 
1969 
1968 
1971 



1961 
1971 
1970 

1971 
1967 
1971 
2970 
1967 
1968 
1971 
1970 
1971 
1971 
1967 

1970 

197t 
1954 
1970 



70 Series: ELECTRICAL 
National Electrical Code 1971 
Electrical Code for 1- and 2-Fami!y Dwellings 1969 
Central Station Protective Signaling Sys- 
tems 1970 
Local Protective Signaling Systems 1967 
Auxiliary Protective Signaling Systems 1967 
Remote Station Protective Signaling Sys- 
tems 1967 
Proprietary Protective Signaling Systems 1967 
Municipal Fire Alarm Systems 1967 
Household Fire Warning Systems . 1967 
Electronic Computer Systems 196B 
Essential Electrical Systems for Hospitals 1971 
Electricity in Hospitals 1971 
High-Freguency Elec. Equip. 1970 
Static Electricity. Recommended Practice on 1966 
Lightning PrCteCtian Code 1968 
ElBclricat Metalworking Machine Tools 1971 



. 80-90 Series: CONSTRUCTION 
Fire Doors and Windows 
Fire Resistive Walls, Protecllon of Openings 

In 

Fur Storage. Fumigation & Cleaning 

Inctrerators. Rubbish Handling 

Fuel OH & Natural Gas Firetf Wetertube 

Boiler- Furnaces 
GaS'Fired Multiple Burner Boiler .Furnaces 
Fuel Oil'Fired Multiple Burner Boiler. 

Furnaces 

Pulverfzed Coal. Fired Multiple Burner 
Boiler. Furnaces 

Ovens & Furnaces. Design, Location & 
Equipment 

industrial Furnaces. Class B 

Piers & Wharves. Constructron & Protec- 
tion 

Garages 

Heal Producing Appliances, Clearances for 
Air Condit. & Vent. Systems 
Warm Air Heat. & Condit. Systems, Resi- 
dence Type 
Blower A txhaust Systems 
Waterprooling. Drainage ol Floors 
Vapor Removal from Cooktrig Equipment 
Chimneys, Gas Vents A Heat Producing Ap- 
pliances. Glossary of Terms 



100 Series: SAFETY TO LIFE 
Life Safety Code 

Tents. Grandstands & Air-Supporled SIruc. 
tures Used far Places of Assembly 



200 Series: BUILDING CONSTRUCTION 

Roof Coverings 

Smoke & Heat Venting Guide 

Guide on Building Atta^ & Heights 

CmiTiney$. ftft:.'.mi & Venting Systems 

Water Cooling Towers 

A-20-(a) 



1.00 
.50 



1971 1.00 



50 Series: GASES 
Bulk Oxygen Systems 
Gaseous Hydrogen Systems 
Liquefied Hydrogen Systems at Consumer 
Siles 

Welding & Cutting, Oxygen-Fue) Gas Sys- 
tems 

Acetylene Cylinder Charging Plants 

Cutttng & Welding Processes 

Oxygen Enriched Atmospheres 

Gas Appliances & Gas Piping in Buildings 

Industrial Gas Piping and Equipment 

Inhalation Anesthetics Code 

Inhalation Therapy 

Hospital laboratories 

Hyperbaric Facifilies 

Nonflammable Medical Gas Systems 

Fumigation 

liquefied Petroleum Gases 

IP-Gases at Utility Gas Plants 

Liquefied Natural Gas at Utility Gas Plants 



50 

50A 

50B 

51 

SIA 

51B 

53M 

54 

54A 

S6A 

S6B 

56C 

56D 

56F 

57 

SB 

59 

59A 



60 
61 A 
61B 
61C 

62 

63 

65 
651 
f52 
653 
654 
655 
656 
657 

66 

664 

68 
69 



70 

70A 

71 

72A 
72B 
72C 

72D 

73 

74 

75 

76A 

76BM 

76CM 

77 

73 

79 



80 
80A 

81 

82 
85 

85B 
BSD 

85E 

86A 

86B 
87 



89M 
9DA 
90B 

91 
92 
95 
97M 



101 
102 



203M 
204 
206M 
211 



.75 
1.00 
l.QQ 
3.00 
1.25 
1.00 
1.75 
.75 
.75 
1.00 
.75 
.75 
1.25 
1.25 
1.75 



.60 
1.00 
.75 

1.00 
.50 
1.00 
.50 
.50 
.50 
l.OO 
1.25 
1 00 
1 00 
.50 

.75 

1.00 
.75 
1.25 



3.50 
1.75 

1.00 
,60 
.60 

.60 
.60 
.60 
.50 
.75 
1.00 
2.50 
1.00 
1.00 
1.25 
ISO 



1970 


2.00 


1970 


.75 


1969 


.75 


1971 


1.25 


1967 


.75 


1971 


1.75 


1971 


l.7f 


1971 


l.>5 


1971 


2 50 


1971 


2.00 


1971 


1.2S 


1968 


.75 


1971 


l.flO 


1971 


1.00 


1971 


1.00 


1961 


.50 


1937 


.35 


1971 


1.09 


1968 


.50 


1970 


2.C0 


1967 


.60 


1970 


.50 


196s 


.50 


1970 


.50 


1971 


1.25 


1971 


1.00 



Number 



Tllle 



Year C 



220 

224 

231 

231A 

2318 

231C 

232 

241 

251 
252 
255 

256 
257 



302 
303 
306 

307 
312 



402 
403 

406M 

407 

408 

409 

410A 

410B 

410C 

410D 

410E 

410F 

411 

412 

414 

415 

416 

417 

418 

419 



501A 

501B 

SOIC 

501O 

SOS 

512 

513 



601 
60IA 



602 
604 



701 
702 
703 

704M 



801 
802 
901 

901AM 

910 

911 



Building Construction. Standard Types 1961 
Homes & Camps in Forest Areas 1969 
Indoor General Storage 1970 
Outdoor General Storage |Q70 
Storage of Cellular Rubber and f*lastjcs 1968 
Rack Storage of Materials 197 1 
Protection of Records 1970 
Building Construction and Demolition Oper- 
ations 1958 
BuildingConstrucUon & Materials, Fire Tests 1969 
Door Assemblies. Methods of Fire Tests 1969 
Building Materials, Tests of Surface Burning 

Characteristics 1969 

Roof Coverings. Methods of Fire Tests of 1970 

Fire Test of Window Assemblies 1970 



300 Series: MARINE 
Motor Craft, Fire Prolectioir for 1968 
Marinas & Boatyards. Fire Protection of 1969 
Control of Gas Hazards on Vessels to be 

Repaired 1971 
Marine Terminals. Operation of 1967 
Vessels, Conslruction & Repair During 

Layup 1970 



400 Series: AVIATION 
Aircraft Rescue Procedures 1969 
Aircralt Rescue Services, Airports & Heli- 
ports 1971 
Handling Crash Fires 196B 
Aircraft Fuel Servicing 1971 
Aircraft Hand Fire Extinguishers 1970 
Aircraft Hangars 1971 
Aircraft Electrical System Maintenance 1968 
Aircrall Breathing Oxygen System Mainte- 
nance Operations 1971 
Aircralt Fuel System Maintenance I97t 
Aircraft Cleaning. Painting & Paint Removal 1971 
Aircraft Welding Operations in Hangars 1970 
Aircrall Cabin Cleaning & Refurbishing 1970' 
Aircraft Ramp Fire Hazard Ciassihcattons 1970 
Evaluating Foam Frre Fighting Equipment 1969 
Aircraft Rescue & Fire Fighting Vehicles 1970 
Aircraft Fueling Ramp Drainage 1966 
Airport Terminal Buildings 1967 
Aircraft Loading Wal kways 1968 
Roof-top Heliport Construction and Protee- 

lion 1968 

Airport Water Supply Systems 1969 



500 Series: GROUND TRANSPORTATION 

Mobile Home Parks 1971 

Mobile Homes 1971 

Recreational Vehicles 1970 

Elec Std. Rec. Vehicles Parks 1971 

Powered Industrie!! Trucks 1971 

Truck Fire Protection, Good Practtces for 1970 

Motor Freight Terminals 1971 



600 Series: OPERATING METHODS 

Watchman or Guard. Instructions & Duties 1968 
Standard for Guard Operations in Fire Loss 

Prevention 1968 

Community Oumss. Good Practic« for 1354 

Salvaging Operations 1964 



700 Series: CLASSIFICATION. 
TREATMENT MATERIALS 
Flame-Resistant Textiles and Films 1969 
Wearing Apparel. Flammability of 1966 
Building Materials. Fire Retardant Treat- 
ments 1961 
Fire Hazards of Materials. Identification 
Systems for 1969 



800 Series: RADIOACTIVE MATERIALS 

Radioactive Materials. Facilities Handling 1970 

Nuclear Reactors. Fire Protection for 1960 

Fire Reporting. Coding Sysicm far 1971 

Fire Rep. Field Incident Manual 1971 

Protdclion of Library Collectians L970 

Protection of Museum Collertions 1969 



TENTATIVE STANDARDS ~ PROGRESS REPORTS 

5A-T Recommendations for Evaluating Fire Prolec- 

tian at a New Facility 1970. 

12B-T Halogenated Fire Extinguishing Agent Sys- 
tems (Halon 1211) 1971 

43A'T Code for the Storage of Liquid and Solid 

Oxidizing Materials 1971 

56E-T Standard for Hyp: baric Facihties 1971 

60-T Standard for the l.nstatlalion & Operation of 

Pulveri.red Fuel Systems 1971 

23ZAM-T Manual for Fire Pxatection ror Archives and 

Record Centers 1970 

421 -T ' Aircralt I n teiior Fire Protection Systems 1971~~ 

Printed in U.! 



ORDER FORM n.. i»n.i how to order 

Fill oul by number and mall tot 

NFPA Pamphlet Editions national fire protectionsassociation 

60 Balterymareh Slreel, Bo$ton,,Ma$$. 02110 

of Codes, Sfandords, Recommended Praclices and Manuals 

Prkes Quoted ore F.O.B. Boston, Mass. C Poyment m amaunt of $„.. 

$•• ll«vtrs« Sidt for DU count $ch«duU □ BI» of addreii btlow. 
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safety valves cannot be cloisecl off from tl^e boUer at tlie same 
time and provided the three-way valve will permit at least fall 
required flow to the safety valve in service at all times. 

The user shall maintain all pressure relieving devices in 
good operating condition. Wiiere the valves cannot bo tested in 
semce> the user shall mainlain and make available to the in- 
spector records sho^viug the test dates and set pressure for 
such valves. 

HUtorfj: 1. Amemhnent filed ll-2-C(>; effective thirtieth daj ther.^after (Regis- 
ter 66, Xo. 38). Approved by State Building Staudards Cominis- 
siou. 

762. Safety Valves and Pressure Relieving Devices, Fired Pres. 
sure Vessels, (a) Boilers (or vaporizors) of the Dow-therm, mer- 
cury vapor or similar types shall be fitted ^vith adequate s»afety reliev- 
ing devices to assure their safe operation. Safety valves of Dow-therm 
vaporizers and similar equipment shall be removed at least once each 
year for inspection and cleaning of any deposits that might affeet their 
operation. (To elimijiate the necessity of shutting the unit do^vn for 
this inspection, a three-way stop valve may be. installed under 2 safety 
valves, each with the required relieving capacity, and so installed that 
both safety valves cannot be closed off from the vaporizer at the same 
time; or 2 or more separate safety valves may be installed with indi- 
vidual shutoff valves, in wliich case the shutoff valve stems shall be 
mechanically interconnected in a manner'which will allow full required 
flow at all times.) 

(b) Fired pressure vessels other than those mentioned in (a) 
above shall be fitted with safety relieving devices of sufficient capacity 
to relieve all vapor that can be generated in the vessel during normal 
operation and shall be fitted with proper controls to assure their safe 
operation. 

fliztory: 1. Amcndiaent filed 11-2-CG; effective tliirtietli d«y the»*ortfter (Kegia- 
ter 60, N*o. 3S). Apptoved by Stnle BuilUiiiff Standards Gomiius* 
slon. 

763. Lo\^-presstire Boilers, (a) All low-pressure boilers shall 
be installed and fitted with the fittijig^ and appliances required by the 
Code, and any additional appurtenances required in the following 
subsections. 

(b) WTien a hot v»ater iicating boiler is equipped with an elec- 
trically operated circulating pump and electrically operated burner 
controls, the control switches shall bs labeled to show which is for the 
burner circuit" and which is for the pump circuit, or the electrically 
operated burner controls shall be connected in the electric circuit 
ahead of the automatic pump switch nr the burner control switch shall 
be mechanically interlocked to the disconnect switch for the circulating 
pumps. 

(c) All low-pre:>snre boilers shall be equipped with one or more 
pressure relieving device adjusted and sealed so as to discharge at a 
pressure not to exceed the maximum allowable working pressure of 
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th€ hoWer. The combuied capacity of these devices shall be such that 
with the fuel burning cquipmei]! installed and operatiug at maximum 
capaeity the pressure cannot vise more than 5 psi above the maxHUum 
allowable working pressure of the boiler. All pressure relieving devices 
shall be installed as required by the Code and be ASME stamped and 
rated and shall be installed wath the ralve spindle vertical and shall 
have a mamiaMiftiug device to permit periodic testing. 

Tlie discharcre from all drains and pressure relieving devices shall 
be piped to a safe place of discharge and shall have no shutoflf valves 
in the pipe bet\veen the pressure relieving device and point of discharge. 

A safe place of discharge as usc*d in this section shall be a location 
where: 

(1) Tlie discharge of steam or hot water will not present 
a hazard to employees, 

(2) The disc'narpre of steam or water will not be detri- 
mental to any electrical or other machinery or equipment. 

(3) The discharge pipe cannot be readily plugged or 
otherwise obstructed. 

(d) AH automatically controlled low-pressure boilers shall be 
equipped with: 

(1) A low-water control that will close the main burner 
fuel valve when the water in the boiler reaches the lowest 
bpfTi^^inj; l^vel, or for boilers with no fixed steam or water 
line, when the highest permissible operating temperature is 
reached. 

(2) A low-wai^r safety eiitout that will shut off the fuel 
to the burner when the waK-r vi the boiler reaches a pre- 
determined level which shall not be below the lowest per- 
missible level* and ma till nl rcc^tting of the low-water control 
or of the fuel valve or of the emergency control system shall 
be required to place the boiler back in operation after it has 
been shut down due to the operation of the low-water safety 
cutout. 

(3) An adjustable operating control and fuel valve to 
regulate the flow of fuel to the burner to maintain the pres- 
sure or temperature below the following limits: 

(A) 15 psi gage prepsure for steam boilers, 

(B) 250^ P. water temper atiire for water boilers. 

(4) A high-limit safety control that will shut off fuel to 
the burner when the pressure in a steam boiler reaches a pre- 
determined maximum not to exceed 15 psi gage oii when the 
temperatute in n water boiler reaches a predetermined maxi- 
mum not to exceed 250** F. The high-limit safety control 
mechanism shall be in addition to the operating control re- 
quired in (d) (3) above and manual resetting of the high-limit 
control or of the fuel valve or of the emergency control system 
shall be required to place the boiler back in operation after 



Industrial Relations TITLE 8 

(Register 66, No, 38— 11-5-66) 

it has been shut down due to the operation of the highJimit 
safety- control. 

(5) (A) A full safety pilot control on boilers 
equipped vrith standing pilot burners, other than those 
included in subsection 7G3 (d)(5)(B), that will shut off 
the fuel to the main burner and any ervtinguished pilot 
burners if a pilot light is extinguished. 

Such device shall actuate to close the safety fuel 
shutolf valve required in Subsection 763 (d)(6) within 
the time limits specified for flame failure shutoff in 
Table 1. 

(E) A programmed flame safeguard system on 
burners cqiiipped with spark ignition that will include a 
flame failure shutoff time not greater than specified in 
Table 1. Such system shall require the services of the 
attendant to place the boiler baeic into operation if a 
flame failure should occur v^'hile in operation or if the 
flame is not established within the time limit programmed 
into the system. Such time limits shall not exceed that 
specified for flame fnilure shutoff in Table 1. 



Table 1. F!ame Failure Shutoff Times (1) 



Maxtnntm 
Pfrinff rate 

on 

Gal. Pf r hr. 


Maximum 
Fir'ns rate 

Or 9 

I5TU fhr. 


Type of 
Ignition 


MaxImuTn ttme until 
valve Is fully closed, 
seconds 


3 gallons 
or less 




Unproved 

Pilot 

or 

Ignition 


00 


Over 3 ^aHonn 
to 7 (rallons 


30 (2) 


Over 7 rallons 
to 20 p'nUons 


ID <2) 




Proved PJJot 


BO (3) 




l.f-RR ihfln 
^C'O.OOOBTU 


Proved or 
t-nprovei! 
Pilot 


90 


Over 

4f>0.nnO BTU 


Proved 
Pilot (i) 


10 



Xoie t. FlaTT^e fniliire f:lHit''»ff as used in tlref-e Order? means the total eJapscd thne 
from the time of fJnme faihire or other nbpormal condiUtm occurs untU the f'«ifii 
slnit'jlT vaire is closed. 

.Vof(> 2, Whore a liurner is designed or equipped for a ''starting firinj? rate" of less 
t!i:in tlto MXimwiii firin;: rate of the Inirnor, tlie fiame failure shutoff time shown in 
TaiJt 1 for the lehSfer firing rate may be'.used for establish in); ignition, jirgvidcd that 
firinj: rate cannot be increased until ignition is pixjven. The time limit for flume 
failure shutoif shall };e deterxniued by the maximum burner input 
yote H. The CO-secoud time limit for flame failure shutoff may be used for burners 
Lavin;: Jess than 2(r gallons per hour input it equipped with a proved pilot, 
A'ofc -J. In case of pilot flame failure, the proved pilot shall de-energize the safety 
fuel shutoff valve electrical circuit and cause that valve to close within 10 seconds. 

(6) In addition to the operating fuel shutoff valve (s) . 
required in 763 (d) (1) and (3), an additional safety fuel 
shutoff valve that Tvill be operated by the controls required by 
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Section 763 (d) (2), (4), and (5). This valve shall be of a 
type tLat: will close withiu 2 seconds after beinj^ de-energized 
if the burner input rating exceeds 400,000 BTU/hr. 

(7) A means for obtaining adequate combustion cham- 
ber purging and for limiting the burner **trial for ignition'* 
time during start up to 15 seconds or that permitted for 
flame failure shutoflE in Table 1, whichever is greater. 

(e) All low-pressure boilers shall be equipped with a pressure or 
altitude gage as required by the code. All water boilers shall be 
equipped vnth a thermometer to indicate temperature conditions at or 
near the hot water outlet. These devices shall be visible to the operator 
from the operating area. 

(f) All low-pressure steam boilers shall be equipped with one or 
more water gage glass with shutoff valves and drain cocks. Those de- 
vices slmll be located on the boiler, or on a water colu:im, within the 
permissible water level range for the boiler, (unless specifically ex- 
empted by the Code). 

(g) All hot, water heating systems shall be equipped with a suit- 
able expansion tank that will be consistent with the volume, tempera- 
ture, pressure, and capacity of the system as required by the Code. All 
such expansion tanks shall have an allowable working pressure at 
least equal to the maximum allowable, working pressure of the boiler 
with which they are used, and the maximum allowable working pres- 
sure shall be stamped on a nameplate visible after installation. 

All expansion tanks connected into systems having boilers designed 
for more than 30 psi working pressure shall be constructed, inspected, 
and stamped according to the Code, Section VIII, unless it can be 
proven to the satisfaction of the Dixision that the design and construc- 
tion will provide equivalent safety. Expansion tanks connected into 
S3*stenis having boilers designed for 30 psi or less shall be designed, 
constructed, and stamped according to the Code, Section VIII, or ac- 
cording to good engineering practices with a factor of safety of at 
least 4. 

All expansion tanks shall be fitted with a means for indicating 
visually the water level in the tank. 

(h) "When low-pressure boilers are equipped ^rith a float-type au- 
tomatic water feeder, such water feeder shall be fitted with a valved 
drain on the float chamber. Float chambers of other control deuces 
shall also be provided with valve drains on the float chambers. 

(i) All valves, fittings, and controls shall be suitable for the pres- 
sures and temperatures expected in ser^dce and all such devices used 
in the fuel system shall be suitable for and compatible with the fuel 
and fuel pressures used. All electrically operated fuel valves shall be of 
the normallj^ closed type to open only when energized. Fuel valves of a 
type that will fail to close due to abnormal fu^^l pressure shall not be 
permitted. Automatically operated fuel valves shall not be designed 
with integral manually operated by-passes unless such b3"-pass is of thft 
constant pressure type. 
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(j) The electrical circitit for boiler controls shall not exceed 120 
volts and shall be 2-Tvire 'with l-conduotor grounded and have the con- 
trols in the ungrounded conductor. 

(k) After installation and before being placed in operation, the 
employer shall require all controls and burners to be checked for proper 
operation by a responsible person familiar with burner controls. 

Instruction for the proper method of lightmg, religliting, and 
shutting down the burner, tyi:>e of fuel or fuels to be used, and the 
maxiraum fuel pressure sliall be shown on a permanent and legible 
plate attached to the boiler or boiler casing and an operating manual 
giving complete boiler operating instructions, shall be furnished by the 
installer for each installation. The employer shall require operating 
personnel to become thoroughly familiar with these operating instruc- 
tions before they are permitted to operate the boiler. These instructions 
shall include an instruction to the operator that the boiler shall not be 
placed back in service after having been shut down by the operation 
of the safety fuel shutofE valve required in 763 (d) (6) until the cause 
of such shutdown has been determined and corrected and the combus- 
tion chamber is properly purged. 

HUtory: 1. Ariemlment filed ll-2-6fii; eflFectire thirtieth day thereafter (Kep- 
^ . .. tster 66» No. 38). Approved by State BuUdins Standards Com- 

... , . mission. 

764. Blowoff Valves and Tanks, (a) All boilers subject to these 
orders shall have blowoff valves and piping installed in accordance with 
the Code. 

(h) All blowoff pipes shall terminate at a safe place of discharge 
and sliall be adequately supported to prevent undue stresses on the 
valves or lines, and shall not be reduced in size between the blowoff 
valve and point of discharge. 

Blowoff valves constructed with integrally threaded bonnets shall 
not he permitted. 

Xrt blowoff pipe shall discharge directly into a scw?r. When the 
blowoff discharge is to be ultimately led to a sewer, local plumbing 
codes shall be consulted concerning requirements for discharging pro- 
ducts into sewers. 

When a blowoff tank is used, it shall be designed and constructed 
in accordance with good engineering pra'btice for the maximum j^res- 
sure and temperature expected during the blowdown period with a 
factor of safety of at least 4. All biowoff tanks shall be provided with 
means for clocining iind inspection. 

Jfiaiorff: 1. Amonflmpnt fi!pd It-'i-Cfi; effective thirtieth (]ny thereafter (Reg- 
ififor CO, No. 3S). Approved by State Buildinff Standards Com- 
mission. 

765. Means of Feeding Water to Boilers. All power boilers s?jb- 
ject to tliese Orders shall be cquii)ped with at least one means for 
feeding water to the boiler at the maximum allowable pressure. Boilers 
haviii^j more than 500 square feet of water heating surface shall have 
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